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EDITOR'S NOTE

This FY 1985 Annual Prugress Report is a general review of research activities
of the U. S. Army Medical Research Institute of Infectious Diseases, Fort Detrick,
Frederick, Maryland, conducted on Medical Defense Against Biological Warfare Agents

(U) under Projects 3M161102BS12, 3M1627704870, 3M263763D807, 3Mu637500809,

3M162770A871, 3SU64758D847, and In-House Laboratory Independent Research, Project

3A161101A91C.

In conducting the research de¢seribed in this report, the investigators adhered
to the: a. "Guide for the Care and Use of Laboratory Animals," as promulgated by
the Committee on Care and Use of Laboratory Animals of the lnstitute of Laboratory
Animal Resources, National Research Council., The facilities are fully accredited by
the American Association for Accreditation of Laboratory -Animal Care, and b.
"Guidelines for Research Involving Recombinant DNA Molecules" published by the
Department of Health and Human Services, National Institutes of Health in the

Federal Register May 7, 1986 and erratum thereto.
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FOREWORD FY 85

I. USAMRIID's MISSION

USAMRIID develops strategies, products, information, procedures and tralning
for medical defense against biological warfare agents and naturally occurring
infectious agents of military importance that require special containment.

The Army has triservice responsibility for medical defense against biological
warfare as referenced in DoD Directive 5160.5, "Responsibilities for Research,
Development, Test and Evaluation (RDT&E) on Chemical Weapons and Chemical and
Biological Defense," 30 March 1976; and the Joint service agreement on joint service
planning and execution of chemical/biological defense systems Research, Development,
Test, and Evaluation (RDT&E), 5 July 1984,

11. DISSEMINATION OF INFORMATION

All research conducted at USAMRIID is unclassified. Results of research are
published in peer-reviewed scientific literature as well as in annual reports. Oral
and poster session presentations are given at meetings of numerous naticnal and
international scientific societies. Results of value to organizations outside the
U.S. Department of Defense are shared willingly, {n the hope that such sharing will
result in additional information on the validity of scientific results or the effi-
cacy of new products, such as vaccines, other biologicals, or drugs. Numerous
domestic and international collaborations exist. USAMRIID established an Offlce of
Technology Transfer in FY 82 in order to fully implement the Stevenson-Wydler
Innovation Act of 1980. USAMRIID prints a cumulative bibliography of published
articles, which may be obtained by a request to the Editor, USAMRIID, Fort Detrick,
Maryland 21701-5011.

IT1I. INSTITUTE HICHLIGHTS FOR FY 1985

The research programs of USAMRIID are designed to provide a medical defense to
US Forces against biological warfare (BW) by potential adversaries. Fiscal year
1985 reflected a new awareness of their potential threat and a series of reviews
were conducted which resulted in an expanded program, both in funding, manpower, and
facilitles for the five-year period FY 1986-1990.

As a result of Increased resources, USAMRIID research and development programs
are undergoing major realignment, shifts in emphasls, and .most importantly, are
being significantly expanded. Prior to the review, the medical BW defensive program
concentrated largely on conventional agents and toxins, which i{ncluded mycotoxins
and botulinum neurotoxins. The expanded program wil! include all of the above plus
new priority research efforts on recently recognized threat agents. In addition,
the program will concentrate on generjc apprcaches to defense where therapy for a
group of potential threat agents will be considered of highest priority. Research
programs have been structured to accelerate development on current experimental
vaccines, toxoids, and drugs ln order to get them fielded, licensed, and stockpiled,
thus {mproving the readiness posture of all forces. Before licensure, each product
requires Phase IIl testing In approximately 4,000 volunteers who mu3t come from many
elements of the Army and perhaps from the other services. Policy to cover product
usage and stockpiling is in the process of being formulated by the Surgeon Ceneral.

One of the first actions following the review was to restructure the Office of
the Commander in order to better manage the expanding and realigned programs., Two
new offices were created: Deputy for Research and Deputy for Product Develcpment. A
contract management offlce, staffel with three people, was established under Deputy
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for Research because about 60 percent of the expansion will occur in the extramural
contract program. Another action by USAMRIID management to meet new challenges
posed by the review was to hold an intensive review and analysis of the entire
program,

There is a growing public awareness of the Soviet Union's ability to exploit
genetic engineering in order to create new blothreats that can be used in biological
warfare. Articles in the Wall Street Journal, The Washington Post, The New York
’ Times, and other leading newspapers and magazines es have described the vast potential
of these new biothreats. Television has played an even greater role in educating
the public. NBC, BBC, and "Sixty Minutes” of CBS have either produced or have
scheduled programs on BW with USAMRIID as a centerpiece. Institute pollcy has been
to allow the press access to laboratorles and staff and to be responsive to their
requests. Unfortunately, the media have emphasized the sensational, blurred
distinctions between offensive and defensive research, and left the impression that
somehow USAMRIID conducts secret offensise BW research. Senior management spends an
inordinate amount of time and energy trying to neutralize these false images of a
program that is unclassified and dedicated entirely to medical defense.

FY 1985 constituted a rejuvenation of the testing of new products in the
military research volunteer subject (MRVS) in USAMRIID's unique experimental P-3
{Biosafety levels) containment ward., Although these young and highly motivated
soldiers are assigned to USAMRIID, they provide an invaluabls resource for the
entire U.S. Army Medical Research and Development Command (USAMRDC). Important
studies conducted in volunteers during FY 85 include the following: USAMRIID
performed four Rift Valley fever vaccine studies, one Western equine encephalitis
vaceine study, and a key study testing the efficacy of the anti{viral drug ribavirin
to control sandfly fever infection. In cooperation with the Walter Reed Army
Medical Institute of Research (WRAIR), USAMRIID performed two antimalarial drug
studies, and one sShigeila vaccine study in its experimental P-3 containment ward.
In cooperation with the U.S. Army Medical Research Institute of Chemical Defense,
USAMRTID performed two tests with pyridostigmine, an anti-nerve-agent drug, also in
USAMRIID's containment ward. In cooperation with USAMRIID, the U.S. Army Research
Institute of Envircnment .l Medicine perfcrmed one test concerned with high altitude
environments. About 90 percent of the 83 MRVS currently assigned to USAMRIID have
participated in at least one study, while some have volunteered for two and
occasionally three studies.

The importance of the MRVS and the experimental containment ward (containment
minimizes inadvertent infections from casual contact) cannot be overstated in
generating the necessary data to bring an experimental product successfully through
the transition from laboratory use to fleld use. Two e:amples will lilustrate this
point,

1. A major advancesment in developing an antiviral agent was made with the
evaluation of the drug ribavirin for the prevention of Sandfly fever virus infection
in MRVS. 1In this phase II clinical study, volunteers received ribavirin, 1200
mg/day orally for eigh® days, or placebo beginning one day prior to inoculation with
virus, 1llness was preventzd in all individuals receiving ribavirin, while most
placebo-treated control subjects became {11, demonstrating a typical febrile and
leukopenic response to the virus. Of even greater significance, however, was the
observation that five of six ribavirin-treated subjects seroconverted after virus
inoculation., Hence, this atudy demonstrated that ribavirin, while protecting
againat disease, does not prevent the development of antibodies and the immune state
in treated individuals. These results arovided the necessary information on which
to proceed with implementing a study in Argentina concerned with treating Argentine
hemorrhagic fever patients with ribavirin,
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2. In collaboration with investigators at WRAIR and the National Institutes of
Health, the medical staff of USAMRIID conducted clinical studies leading to the
selection of two antimalarial drugs. Both enpirolone and halofantrine were found to
be effective against multi-drug-resistant strains of malaria from Southeast Aslia.
Effective treatment of malaria is a major goal of military medicine, since malaria
has constituted a serious medical problem in every conflict in which U.S. Forces
have been Involved. This therapy will provide an interim control while other
efforts directed to an effective vaccine can be completed.

Another event which has had positive impact on Institute performance and
visibility was its sponsorship of an "International Workshop on the Molecular
Bilology of Flaviviruses" held 29 Movember to 1 December 1984, About 140 scientists,
including 10 International experts, participated in this meeting. The Dengue
Steering Committee Scientific Advisory Group of the World Health Organization
attended the workshop and used this information exchange to plan strategy for
extramural support of flavivirus research. The objectives of this workshop were to
examine the current status of the molecular virology of these agents and develop
concepts for future flavivirus vaccine development. The USAMRDC flavivirus research
program was modified as a direct result of this scientific exchange and numerous
collaborative research projects were initiated,

USAMRIID has organized its military personnel into 32 biologic/toxin rapid-
reaction teams. These teams are composed of specialists and are prepared for rapid
deployment on a global basis to support U.S. Forces and their allies in situations
where biological/toxin contamination has occurred or {s suspected of having
occurred. On-site assessment i3 essential to establlshing whether or not BW agents
have been used.

USAMRIID continues to maintain a dynamic National Academy of Science/National
Research Council postdoctoral training program. The program started a few years ago
with just nine authcrizations and doubled to 18 authorizations last year, The
program was staffed with an average of 11 scientists during FY 1985, The yearly
independent audit of USAMRIID scientists and research programs by the NAS indicates
that the high standards and quality of the research environment in this Institute
continue unabated.

USAMRIID is pleased to announce that one of its scientists, Dr. John W,
Huggins, was presented the prestigious "Cutstanding Employee Professional Award", by
the Baltimore Federal Executive Board on 26 April 1985 for his scientific
achievements, This award is given annually to the outstanding individval from the
70,000 civilian employees from the various federal agencies in the Baltimore
metropolitan area. Dr, Huggins developed an animal model for Xorean hemorrhagic
fever, then used this model to show that the new antiviral drug, ribavirin, is
effective In treating this dangerous and militarily relevant disease. Thls research
has led to the establishment of a cllnical trial of ribavirin in the People's
Republic of China.

The Institute is also pleased to announce that the Department of the Army has
awarded its "Research and Development Achievement Award" to Lieutenant Colonel James
W. LeDue, Chief, Department of Epidemiology, Disease Assessment Division. The award
was granted in recognition of his contribution to the understanding of the viruses
causing hemorrhagic fever with renal syndrome, This work revealed for the first
time the existence of an importar. new group of viruses, defined its broad global
distribution, and developed the methods to analyze them successfully. The award is
given to Army scientists or engineers whose work {3 responsible for a significant
sclentific or engineering achlevement that was made or culminated during the




preceding year. Similarly, USAMRIID was pleased to receive the "Award for
Excellence in 1984" in laboratory-of-the-year competition, as outlined in AR672-305.

Three research accomplishments were particularly outstanding and require
special mention. First, a major discovery was made in the treatment of highly
lethal saxitoxin intoxication. Previous to these observatlions, the only effective
therapy against saxitoxin was the use of supportive therapy; for example, a
mechanical respirator. A polyclonal antibody was developed which will provide .
passive immune protection against saxitoxin challenge. Treatment with the antibody
is effective when given intravenously after a systemic exposure to the toxin.
Furthermore, we demonstrated that in instrumented rats, the antibody was effective,
even when the animals had respiratory arrest fellowing saxitoxin intoxication. The
second area of outstanding research comes from the ILIR program and is concerned
with the cloning of cobra toxin genes in order to study the feasibility of
developing safe and effective toxoids against the toxic components of the venom. In
Just nine months, 130 clones have been produced, the three major toxins have been
purified to homogeneity, and polyclonal antibodies have been prepared in rabbit
serum and affinity-purified to remove casual contamination with E. coli
antibodies. The 130 clones are now being screened by means of DNA probes to locate
and select the gene responsible for each toxin. The program is progressing much
faster than anticipated. These results clearly demonstrate the ease by which an
adversary can now produce sufficient amounts of natural toxin for BW weaponization;
whereas, prior to recombinant DNA biotechnology, this was impossible. The third
area of outstanding research concerned a major advancement in developing a second
generation of safer and more effective vaccines through the use of biotechnology.
The feasibility of this approach was strengthened when Rift Valley fever virus
(RVFV) genes, G-1 and G-2 glycoproteins, were inserted in a vaccine carrier,
vaceinia virus, Mice that received this recombinant virus vaceine were protected
against conventional routes of challenge with virulent RVFV. The recombinant
vaccine perhaps could be further improved by inserting only the G-2 gene. More
recent information indicates that it {3 the G-2, not the G-!, glycoprotein that is
responsible for immunity.

USAMRIID has been productive both at the laboratory bench and in its
publication of research results. ' New vaccinés, new treatment modalities, and new
diagnostic assays for unusual diseases and toxins provide concrete evidence of this
productivity. Moreover, for the second consecutive year, manuscripts published in
recognized, scientifically refereed Journals are at an all time high. All of this
information, although generated for dangerous agents with BW potential, has broad
application to both military and civilian medicine. It may be concluded quite
reasonably that USAMRIID has established itself as a center of excellence which
fulfills a unique medical need by performing research on high hazard agents that
cannot be studied as extensively anywhere else in the free world,

Questions or comments about this report are welcomed and may be addressed to: .

Commander

USAMRIID

Fort Detrick

Frederick, Maryland 21701-5011
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Bsckground:

This work unit has undergone a major transformation during the past year., With
the emergence of molecular genetics has come an increasing anxiety over the possible
development of new and powerful toxin-based biological weapons by other nations.

One area of special coacern is peptide or protein toxins. The structural genes

. coding for these toxins could potentially be cloned and, in the right expression
system, the tuxins produced in unprecedented quantities. Indeed, there is already a
report in the literature describing the successful cloning of ersbutoxin, a very
potent neurotoxin from tha sea snake, Laticauda gemifasciata (1). In response to
this new threat, the research encompassed by this work unit has expanded to include
sevearal toxins of nonmicrobial origin. At present, projects are underwvay with both
pre~ and post-synantic neurotoxins of bacterial aad snake origin, protein synthesis
inhibitory toxins of microbial and plant origin, and small molecular weight toxins
from fungi.,

The goal of this work unit is to develop and evaluate possible toxin-protective
modalities, We hae taken a comprehensive approach to the problem and are
proceeding along two genersl lines of investigation: the development of vaccines
and the development of zhemotherapeutic agents. To these ends, we study all the
aspects of toxins including genetics, synthesis,K structure, pharmacology,
immunology, and mechanisa of action.

Summary:

Ultrastructure studies of T-2-treated liver cells showed changes ia only two
organelles, endoplasmic reticulum and mitochrindria. Studies with two other call
lines and T-2 indicated that energy deplerion would result in a higher level of T-2
cell association due to increased uptake, decressed export, or both processes,
Polyclonal antibody was raised againat crotoxin and to its subunits. This 2atibody
was then used to develop ELISAs for rattlesnake neurotoxiuns. The cross-reactivity
to other rattlesnake neurotoxins was high and the antisera ncutralized crotoxin and
its basic subunit, Iomproved purification schemes were developed for several
botulinum toxin serotypes. This toxin was shown to inhibit guanylate cyclase from
nerve cells and synaptosomes; the poisoning ¢f synaptosomes could be partially
reversed by cGMP, Phosphoinogitide turnover was also sffected by botulinum toxin,

Several viral proteins of interest were partially sequenced,




Progress:

T-2 Mycotoxin Because other regearch at this Inatitute has shown that the liver is
a target organ for T-2, and because it was desirable to study the toxicity of T-2 in
a primary cell line, the biochemical and morphological effects of T~2 on hepatocytes
were evaluated. Cultured rat hepatocytes were treated with several doses of T-2 for
either 1 or 12 h and with or without a 12-h recovery period. Inhibition of protein
synthesis and release of lactate dehydrogenase vere measured and correlated with
ultrastructural changes, as assessed by transmission electron microscopy. Results
indicated that, at a dose of 0.0l pg/ml, protein synthesis was inhibited 752 within
1 h, but recovered to near control levels with or without the continual presence of
toxin. At the higher toxin dose (1.0 ug/ml), hepatocytes were a%le to recover from
a 1-h, but not a 12-h exposure. Cell damage, as assessed by release of lactate
dehydrogenase, lagged behind inhibition of protein synthesis, Only at a T-2
concentration of 1.0 pug/ml for 12 h followed by & 12-h recovery period, was rvelease
of lactate dehydrogenase significantly increased over control values. Under the
same parameters, protein synthesis was ianhibited 94X, The ultrastructural
appearance of the cell membrane, nucleus, lysosomes, peroxisomes, and emooth
endoplasmic reticulum remained unchanged. The two organelles which appeared altered
by the T-2 exposure were the rough endcplasmic reticulum and the mitochondria.
Endoplasmic changes were limited to degranulstion of attached ribosomes without
dilation of the cisternae., Alterations vere seen as early as 1 h at a T-2 dose of
0.0l ug/ml., After a dose of 1.0 ug/ml for 12 h, some mitochondria displayed one or
more non-membrane-~bound translucent foci, some of which contained electron-dense
cores.

A second study was conducted to evaluate energy-depeandent mechanisms that may
affect uptake of T-2 toxin at the cellular level, Chinese hamster ovary (CHO) and
African green monkey kidney (Vero) cells ware seeded into 24-well plates. Cells
were preincubated for 1 h at 37°C in media with (experimentals) or without
(controls) sodium fluoride (NaF) at 5 mM. All wells then received tritium [381-
labeled T-2 at & concentration of 0,001 or 0.0l pyg/ml. After a rinse, cells were
digested (0.01 N NaOH) and counted in a liquid scintillation counter. Cell-
associated T-2 was expressed as molecules/cell, based on the specific activity of
["H]T~2 and replicate cell counts. Statistical anslysis of individual points along
the curve demonstrated that NaP significantly (P <0.05) increased cell-assnciated
toxin at most time points. This was true regardless of cell type or toxin
concentration. Vero cells accumulated sigaificantly (P <0,05) more T-2 than did CHO
cells in the presence of NaF and at the higher dose of T-2 in the absence of NaF.
The reason for differences in uptake between Vero and CHO cells is unknown, but may
reflect cell type-specific factors. It is known that T-2 binds intracellularly,
Furthermore, NaF is known to inhibit cellular events dapendent on ALP produzed by
glycolysis. Therefore, data from this study suggest that inhibition of glycolysis
leads to an incressed cellular uptake of T-2, decrcased cellular export of T-2, or a
combination of both events.

Crotoxin Crotoxin is the major toxic protein found in the venom of the South
american rattlesnake (Crotalus d. terrificua). It consists of a moderately toxic
basic phospholipase A, (i.v. LDgg = 0.5 Ug/gm in mice) and a non-toxic, acidic
subunit composed of three small proteins. The non-covaient association of the two
subunits enhances the toxicity (LDSQ z 0.05 ug/gm) and promotes irreversible
blockage of neuromuscular transmission, Details of thie blockage are poorly
understood. We have been working to gain a better understanding of the mochaaisa of



action of crotoxin and also to obtain a clearer picture of crotoxin's relationship
with other rattlesnake neurotoxins. Our long-term gecal is to clone the crotoxin
gene for future site-specific mutagenesis studies.

The sequences of the three acidic subdunit chains of crotoxin have been
determined., Primary structural data suggest that both the acidic and bagic subunits
have been derived independently from a non-toxic, hemodimeric, crotalid
phospholipase A,., When compared with sequences of other phospholipase A,s, the
acidic subunit lacks a 22-residue, amino-terminal fragment and also two additional
internal segmenzs. It retaina His-47, Asp-48, and Asp-91, all found conserved in
phospholipase A,s and believed involved in Ca * binding and catalysis. Yet,
crotoxin displays no phospholirase activity.

Polyclonal antibodies have been prepared in rabbits against crotoxin, the
acidic gnd basic asubunits of crotoxin, and the principal toxin in venoms from C. s.
scutulatus and C. v. concolor. In collaboration with Major Martin Crumrine, we have
developed an ELISA for rattlesnake neurotoxins that uses horseradish peroxidase.
High sensitivities permit routine coating of wells with 100 ag of antigen and
antibody serum dilutions of 250,00 to 1 miliion,

Antigerum raised against intact crotoxin showed strong cross-reactivity with
purified toxins from C. 8. scutulatus, C. v. concolor, C. vegrandig, and the basic
subunit of crotoxin. Phospholipase A, from (. adamanteus and C. atrox cross—react
to a lesser extent, but better than eltter f~bungarotoxin or the acidic subunit of
crotoxin, We see no reaction with the phospholipase Ays from honey bees or Naja
naja atra or bovine neurophysin.

Ouchterlony assays with crotoxin antibedy show single lines of identity between
crotoxin and the three purified toxins from C.scutulatus, comcolor and vegrandis
venoms.,

Rabbit antisera against intact crotoxia and each of the subunits have been
examined for their ability to nautralize intact crotoxin in mice, In experiments
where the toxin and serum were pre-mixed, one ml of intact toxin antibody
neutralized 340 LDggs of crotoxin, and basic subunit antibody neutralized twice that
amount (approxima:e?y 640 LDs4s). Serum containing antibodies to the acidic subunit
neutralized less than 50 LDgjps. Preliminary experiments suggest that antisera given
after crotoxin administration to mice must be done so within 15 min or less to be
effective,

Preparations for cloning the crotoxin gene are well underway. We obtained
three South American rattlesnakes (C. vegrandis) and have made arrangements for
their milking, venom gland removal, and mRNA/DNA isolaticon at the University of
Wyoming., We have purified the crotoxin-specific IgG fraction from rabbit entiserum
by affinity chromatography on & crotoxin-Sepharcse column and are setting up the
zethodology to screen for £, coli clones svnthesizing crotoxin. Several synthetic
daoxyoligonucleotides have been chemically synthesized and purified and will serve
&s probes in this cloning work. Much of the biotechnology developed with the ¥, n,
atra cloning work will be directly applicatle to this problem,

In an effort to gain insights into crotoxin's mechanism of action, we have
initiated several approaches. First, we optimized conditions for the chemical
cross-linking of crotoxin, This materisl should parmit us to address the quastion
of whether subunit dissociation is sssential for toxicity. Second, polycloanal 136G
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from rabbits immunized against crotoxin has been purified using DEAE Affi~Gel

Blue., This fraction was conjugated with rhodamine isothiocyanate and is being used
to examine crotoxin distribution on NG 108-15 nerve cells, Preliminary experiments
demonstrated quite intense staining of cells incubated with crotoxin. Finally, we
have carried out a number of preliminary studies using synaptosomes and tissue
culture cells (Vero, PC-12, NG 108-15) to examine the effects of crotoxin and its
subunits on choline uptake and acetyl choline release, It seems clear that one of
the major effects of crotoxin is its inhibition of choline uptake. These studies
are continuing.

Cobra Toxins Cloaing of the genes for three toxins from ¥. n atra, the Formosan
cobra, and evaluation of the protein products are underway. Technical details of
the work are filed under work unit 91C-00-140,

Botulinum Neurotoxin Botulinum toxin (Botx) is a generic ters describing seven
serologically distinct toxin proteins isnlated from Clostridium botulinum., Another
poteat neurotoxin having features resembling botulinum toxis is tetanus toxin (Ttx),
isolated from C. tetant, Unlike the Botx, Ttx is found in only one serological
form. Although these eight toxins are antigenicaslly distinct, they have three
important features in common: (i) they are synthesized as single polypeptide chaina
by the same genus of bacteria, Closiridiwm (ii) they have similar molecular weighta
and protein structures, and (iii) they block neurotransmitter release frou the
presynaptic nerve ending., Tetanus toxin is known to have two appareatly differeut
actions, central and peripheral, while botulinum toxin affects only the peripheral
cholinergic nerve endings. When Botx or Ttx is injected iatramusculsrly, the
clinical symptoms and time course to poisoning are vary different. However, it vas
recently shown that i,v. injection of Ttx produces a very rapid, flaccid paralysis
indistinguishable from the symptoms of Botx poisoning (2). The moleculsr mechanism
by which these toxins cause the inhibition of scatylcholine release is not known.
However, theophylline, an inhibitor of phosphodiestesase activity, is knowa to
antagonize the toxic effects of Botx and Ttx (3). 1In addition, when rabbic
sphincter pupillae muacles are paralyzed with Ttx, cyclic guanosine monophosphate
(cGMP) injections temporarily reverse the paralysis of these muscles (4), These
observations provide indirect avidence that cGMP may be implicated in the mode of
action of Ttx and stimslated us to investigate the effects uf both Botx and Ttx on
cyclic nucleotides.,

The affects of botulinum and tetanus toxins on the cyclic nucleotide levels
wera assessed in synaptosomal extracts as well as extracts from the nerve cell lines
NG108~-15 and PC-12 and the monkey kidaey cell line, Vero. The neural cell lines
were prepared in both the differentiated and undifferentiated states. Cell extracts
wers prepared by hypotonic lysis in loM Tris-Cl. A P, fraction of synaptosomes was
prepared from the carebral hemisphere of guinca pigs aad synaptosoral extracts wece
prepcred by homogenization of the synaptogcmes in laM Tris-Cl. Synnp:ouomnl or call
extracts were preincubated with toxia (10°LD o/nauay) for 30 min at 37°C, followed
by the addition of cyclase substrates. Rencczona were then continued for 30 min at
37°C and stopped by heating to 90°C for 2 min. Cyclic nuclsotides were quantitated
by radioimmunocassay (New England Muclear RIA kit for cAMP and cGMP)., We found that
Botx and Ttx inhibited the guanylate cyclase activity found in both guinea pig

‘synaptosomes and NG 108-15 cells. In 'ysed synaptosomes or cells, inhibition waa

complete in 30-60 nmin. The magnitude of this inhibition, for both soluble and
particulate forms of the anzyme, was as high as 601, The effect was observed with
three different Botx serotypes: A, C, and D. In paired experiments, no effect was
observed on adenylate cyrlase; neither toxin exhibited phosphodiesterase or




phosphatase activities. Since cGMP is important for neurotransmitter release, it is
possible that this biochemical action of Botx and Ttx explains their toxicities, but
further experiments are required to establish this comnection.

One attempt along these lines was to ask whether the addition of exogenous cGMP
would reverse the inhibition of acetylcholine release caused by the toxins.
Synaptosomes were prepared in non-depolarizing buffer (2.5 mM K* and 137 oM Na *) and
incubated with 106 mouse LDSO/ml of botulinum toxin with and without aucleotides.
TBe synaptosomes were pulsed during the final 20 min of incubation at 37°C with

["H]choline chloride, Following the pulse, synaptosomes were rinsed and resuspended
in non~depolar1zxng buffer. Alxquota were added to either non~depolar1:xng or
depolarizing buffer (25 mM K" and 114 oM Na*) at 37°C for 20 min to stimulate the
relesse of acetylcholine., Following the relesse interval, synaptosomes were
pelleted and the supernatants were quantitatively analyzed for acetylcholine
content. In our experiments, we are able to gnhxbx: the release of acetylcholine in
guinea pig synaptosomes up to 70Z by using 10" mouse LDSO/ml of botulinum A or D
toxin., - If the inhibition assay was performed in the presence of 1 oM c¢GMP or cAMP,
between 50~100% of the acetylcholine release potential was regtored. It must be
pointed out, however, that cGMP, as well as cAMP, induced & basal (nondepolarizing
buffer) increase in the release of acetylcholine as well as an increase in K -evoked
release from synaptosomes not treated with Botx toxin. This was ian contrast to
results obtained in the presence of cAMP where there seemed to ba an echancement in
the Botx~induced inhibition of acetylcholine release. Obviously, the situaticn is
complex and further studies will be required to determine whether the nucleotide
effects are specific to the action of the toxin., Control experiments showed that
the c¢cyclic nucleotides were very rapidly hydrolyzed by phosphatases from the
synaptosomal extract. However, when nucleosides are incubated with the
synaptosomes, little or no effect is observed upon acetylcholine release, suggesting
that the effects seen with the cyclic nuclectides result from the action of these
compounds prior to their hydrolysis. Experiments will be performed with zon-
hydrolyzable cyclic nucleotide derivatives to see if one can prolong the increased
release of acetylcholine in the presencs of Botx.

A second area of interest has been the effect of toxins on the phosphoinositide
turnover in membranes., Phosphoinositides are minor phospholipids
(~5% of phospholipid) that turnover much more rapidly than other membrane lipids., A
wide variety of neurotransmitters, hormones, growth factors, and many other
biologically active substances are known to provoke the turnover of
phosphotidylinositol (PI) in their target tissues (5). When stimulated, most of
these receptors immediately mobilize Cn”, often release arachidonate, and increase
the concentration of ¢GMP but not cAMP., This PI turnover appears to be a sign for
the transmemdbrane coantrol of csllular functions and proliferation through activation
of 8 novel protein kinase C. In many tissues, both cAMP and cGMP block the
receptor-linked phospholipid degradation and thereby ccunteract this signal
translation, As stated above, receptors that mediate PI responses are also capable
of calcium gating (6). This observation, plus the fact that the Pl response is
calcium~independent (7) and that phosphotidic acid (a P1 metabolite) can act as a
caleium ionophore (8), has led 13 the hypothesxs that the Pl response gives rise to
calcium gating (9). Because ca*t gating is important to ralease of acetylcholxae
(10), we studied the effect of Botx and Ttx on PI turnover in guinea pig
synaptosomes. Our initial investigation focused on membrane uptake of
(“Hlmyoicositol, which is a measure of the phosphoinositide turnover.




Synaptosomes were prepared as described above and preincubated with or without
toxin (10° mouse LDgy/assay) for 2 h at 4°C followed by incubation with “H-
myoinositol for 20-or 40-min intervals at 37°c. §e|u1tn shoved that, after 20 min,
Botx or Ttx c,uled an increase in the uptake of [“H]-inositol, while after 40 min, a
decrease in [“H]-inositol uptake was observed. It should be pointed out that if one
examines scetylcholine release by synaptosomes treated with botulinum A toxia,
inhibition is observed only at the 40-min incubation period, not at the earlier
time. The increase in PI turnover during the first 20 min at 37°C may represent the
initial stages of binding or internalization of the toxin, and the 40-min period
presumably represents the poisoning action of the toxin in which PI turnover is
inhibited, Ca = channels are closed, and acetylcholine is not released. The effect
the toxin has on the level of c¢GMP may be a secondary effect due to the inhibition
of PI turnover. Further experiments cre underwvay to clarify the effect that toxin
has on PI turnover and ite relationship to inhibiting the relesse of acetylcholine.

An improved method for the purification of type ¥ botulinum neurotoxin has been
achieved. With reference to published methods, the new scheme eliminates pre-
concentration steps, size exclusion chromatography, and two cation exchange
chromatography steps, Further, protamine sulfate precipitation of nucleic acids was
substituted for the ridonuclease treatment. This eliminates & 5-h incubation at
30°C (which sometimes leads to the appeirance of proteolytically modified forms of
the toxin), and can de completed in one day instead of two. The procedure vas
developed so that it could be parformed with the Pharmacia FPLC system, or with a
normal open-column system. At this point, approximately 30 =mg of type E have been
purified and stored.

Procedures for purifying type B neurotoxin were also explored. Initvial
attempts used the FPLC system and small amounts of semi-crude toxin. A simple
method for obtaining electrophoretically pure toxin was achieved, Scale-up was
achieved by working with two preparations of semi-crude type B (these had each been
taken through a single DES2 step, starting with the crude extract). A rapid and
efficient procedure was developed, quite similar to that for type L. Again, the
scheme is adaptable to either the FPLC or open column systems. We now have about 33

ag of purified type B.

Finally, a small amount of semi-crude type A neurotoxin was purified by using
the FPLC system. The results suggest tha: larger amounts may be obtained by using
procedures similar to those for T and B, We are hopeful that s majority of the
seven serotypes will lend themselves to purification by our scheme, disproving the
literature claizs that each requires different and %ime-coansuming techniques.

Protein sequencing work Two preparations of G-1 protein and one of G-2 protein from
Punta Toro virus ware raceived for amino acid ssquence anrlyses from Dr., Jonathan
Smith, Virology Division, USAMRIID, The samples containad relatively small amounts
of protein coataminated with detergents. This led to a low signil-to-noise ratio in
the detection system. Purther, our Beckman 890C sequencer is obsolzZa and not
capable of efficiently analyzing low-level samples. Nonetheless,K 16 of the first 20
amino acids in the G-1 protein were identified, as were 6 of the first 12 in G-2.
These results allowed the determination of the order of these proteins within the
viral genome and the starting points of their nucleotide sequences., A sample of a
14R~polypeptide from Punta Toro virus was also sent by Dr, Saith for analysiis, but
the amount was so low that no results could be obtained.




Pr. J. Dalzymple submitted s preparation of E-1 protein, and one of E-2 protein
(both from Chikungvnya virus) for sequence determination, The first 25 residues of
E-1 were identified, while 22 of the first 2( of E-2 were identified,

Anino acid sequence determinations were also wade for samples sent by LTC Ray
Chung, Dr. Bob Seid, and Dr. Wendell Zollinger of WRAIR, Samples included a
gonococ2al pilin protein and a cysnogen bromide fragment derived from this
protein, Forty-six of the first 50 residues in the former polypedtide and the first
44 residues of the latter were identified. The third sample, & preparation of 2r-l
antigen from Netsseria menirngitides, contained insufficient material for successful
analysis.

Amino acid sequence analyses were done to confirm both the purity and identity
of several snake toxins. Becguse of the complexity of most venoms from which the
toxine were purified, it is no trivial matter to be certain thet one has the correct
toxin., In most cases, the derived sequences agreed completely with thuse publishel
in the literature. In one instance, the initial peptide mapping proved that a
company had provided us with the wrong toxin,
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"Table 1

Reactions of various proteins to antiserum raised against the acidic and bdasic
subunit of crotoxin, Mojave toxin, and concolor toxin.

° ACIDIC BASIC CROTOXIN CONCOLOR MOJAVE
Acidic subunit ++ ++ + +* +*
Basic subunit ++ 4 *44+ 44 +440
Crotoxin b o4 +iee *eed 44 v
Concolor ++4 +4++ +4+4 +444 +444
¥ojave 4 222 *+ed ' +oe4 e
C. d. terrificus venom 44 +r4e +ebe ND ND
C. 8. scutulatus venom +44 ++44 ++44 ND ND
PL A2 C. atrox + + *+ ND ND
PL A2 C. adamantous + + +- ND ND
8~Bungarotoxin ‘ {race trace trace ND ND
Neurophysin ] - - - ND ND
PL A2 Honey Bee - - - ND ND
PL A2 Naja naja atra - - - ND ND

<1/500 -
1/500 trace
1/12,500 +

1/64,000 ++

1/256,000 +++

1/1,000,000 ++++
ND = Not Determined

Reactions were scored by using the greatest dilution that provided an above
background reading in a serial dilution experiment,

e
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) Blciground:

Studies of airborne-induced infections and intoxicat{ons necessitate that a
variety of aerosol exposure systems be available to accommodate the varying research
requirements., In the pest decade, exposures of rodents or small, non-human primates
(< 1 kg) at the Institute were asccomplished by using a whole bedy exposure system
(1) with either a Collison or Devilbiss nebulizer. Overt efforts are ongoing to
identify commercially available equipment that will enhance and expaad the aerosol
exposure capobilities. When commercial equipment is not available, new systems ers
designed and developed in-house.

Summary:

An improved nose-only exposure system was designed, the prototype tested. The
final system is being manufactured. Results of the characterization showed that
there were no significant diffarences in aesrosol concentration or particle size
distribution among the 28 nose ports, A Hazelton R-1000 cabinet was manufactured to
incorporate specific modifications, The cabinet proved to be useful and successful
as & mobile P-~2/3~level containment facility., Further modifications to the cabinet
are being made, whereby it can be used for animal exposures within a P-4 suite. A
head-only, monkey exposure chamber that will accommodate l- to 10-kg monkeys was
designed and tested, The compilation of a data base on the performance of availabla
aerosol dissemination and sampling devices is ongoing; this will provide useful
information on our immediate capabilities for aerosol exposure systems.

Progress:

An improved nose-only exposure system was designed and fabricated. The
prototype system was raceived and evsluated for performance with a small particle
aerosol by using two different dissemination devices, a 3-jet Collision and a
modified l1-jet Collision., The 3-jet Collision nebulizer was used in the
characterization of 17.5~ and 22,5~ L/min systems acd the modified i-jet Colliscn
nebulizer was used in the characterization of a 7.0- L/min syastem.

The design criterion for the improved nose-only exposure system included (a)
the presentation cf the same coancentration of {resh serosol to esch animal, (b) the
minimization of the effects of leakage around the animal'as nose, (c) the
accommodation of a range of sizes of several species of animals, and (d) the
incorporation of an animal restraint system that minimizes stress during exposure.
To achieve these criteria, each port was maintained at atmospheric pressure to
reduce aerosol leakage around the nose seal, and three different sizes of animal
restraint devices were designed in order to accommodate mice, rats, and guinea pigs.
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The aerosol was sampled at the inlet and at each of the 28 exposure ports in
three replicate tests by all-glass impingers and a cascade impactor. We found that
there were no significant differences in either aerosol concentration or particle
size distribution among exposure ports,

A Hazleton H-1000 cabinet, modified to our expectatiors, was received, The
modified Hazleton cabinet met its proposed application as a mobile, P-2/3 level
containment facililty which can be transported, with the appropriate aerosol
exposure system inside, to various locations. The modified Hazleton cabinet was
utilized successfully in a collaberative study with the NIH to expose squirrel
monkeys to a virus. The serosol system was s two-chamber configuration
accommodating four squirrel monkeys per trial. The modified Hazletou cabinet is
currently being modified further for a collaborative study with Ebola virus in a P-4
containment suite,

A head-only, wmonkey exposure apparatus was designed and characterized.
Although the apparatus accomodates only one mcnkey per trial, it will hold a range
of sizes of monkey. It allows the monkey to lie on its back with oaly its head in
the exposure chamber.

An extensive data base was compiled on the performance of various aerosol
disgsemination and sampling devices. Aerosol dissemination devices tested include
the Vaponefrin nebulizer, a modified l-jet Collision nebulizer, a number of
Devildbiss 40 nebulizers, and a vibrating orifice aerosol generator. The sampling
devices tested include a 3.0- L/min glass impinger; 2.0-, 1,0-, and 0.l1- L/min
Mercer 7 Stage Cascade Impactors; several types of filters; and a Royco 4102
Particle Sizer. This data base will provide the information needed for assembly of
various aerosol exposure systems. This compilatioan of data is ongoing as new and
improved devices are found.

LITERATURE CITED
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Background

The major research efforts pursued under this work unit have been: definition
of the antigenic determinants of Rift Valley fever virus (RVFV) that iaduce
protective immunity, and testing experimental antigens to assess their relative
efficacy in providing protection to animals. These studies have been carried out
concurrently with collaborative efforts via extramural contracts, These
collaborative studies have been successful in cloning and sequencing the Rift Valley
fever virus genes that code for the two virion surfsce glycoproteins, Gl and G2,
These viral antigens are now known to carry several, if not all, of the protective
determinants. Identification of these protective epitopes by cloning genes,
determiaing nucleotide sequences, and monoclonal antibody analysis coastituts the
necessary data base required to design and construct immunogens. The overall
objective is to produce a vaccine with significant advantages over the existing,
inactivated, whole-virus vaccine. A secondary objective is to establish the
techniques and capabilities required for these constructions so that these
procedures can be extrapolated for use with other viral agents for which no
immunoprophylaxis exists.

Summary:

The antigenic composition of Rift Valley fever virus has been defined by
purifying each of the three major structural proteins and utilizing these proteins
as immunogens and antigens to produce and characterize antigen-specific, polyclonal
s2ra and monoclonal antibodies. Six distinct vaccine-relevant, antigenic
determinants (epitopes), capable of eliciting in vitrn neutralizing antibodies, have
been identified on the Gl and G2 surface viral glycoproteins by competitive binding
assays. However, passive immunization of mice with monoclonal or polyclonal
antibodies has shown that only G2-apecific, neutralizing antibodies provida
significant protection in vivo. Three distinct protective (in vivo) determinaats
have been mapped to specific amino acid sequences on the G2 polypepetide.
Immnization of mice with G2 gene products expressed in E, coli, as well as
recombinant vaccinia viruses containing Rift Valley fever virus glycoprotein genes,
has been shown to protect mice from a lethal Rift Valley fever challenge.

Progress:

Purificarion and Antigenic Characterizatioo of Rift Valley Fever Structural Proteins
(Gl, G2, NC) For the production of monospecific, polyclonal antisera to each of the
three msjor structural proteins, gradient-purified virus was solubilized initially
in nondenaturing detergents and the resulting lysate fractionated by equilibrium
density gradient centrifugation in cesium chloride. 1In these gradients, the
nucleocapsid complexes banded near the bottom of the gradients (p=1.31), leaving the
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two glycoproteins unresolved in the supernatant fractions. The nucleocapsid and
glycoprotein fractions were not detectably croes-contaminated or contaminated with
host cell proteins. The two glycoproteins were separated by preparative (column)
isoelectric focusing. This procedure is highly efficient as the two glycoproteins
have widely divergent isoelectric points (Pi®4.5 versus 9.5). The purified
nucleocapsid complexes, as well as the glycoprotein fractions, were emulsified
individually in complete Freund's adjuvant, and inoculated i.p. and s.c. into adult
BALB/c mice. The mice were then boosted with soluble antigens at 30 days, and
ascites were induced by the inoculation of sarcoma 180 cells i.p.

The specificity of the ascitic fluids was determined by immunoprecipitation and
polyacrylamide gel electrophoresis as well as by ELISA assays with the purified
viral proteins as antigens. Each of the ascitic fluids was found to be absolutely
specific for the immunizing protein, confirming the purity of the immunogens in the
initial biochemical separations. As indicated in Table 1, these ascitic fluids were
also characterized by indirect immunofluorescence (IFA), hemagglutination imhibition
(HI), and plaque-reduction neutralization (PRN)., Results demcnstrated that these
ascitic fluide have essentislly equivalent titers in ELISA and IFA assays and show
no resctivity with uninfected VERO cells by IFA, Hemagglutination inhibition assays
demonstrated that “igh-titer activity was preseat in both anti-Gl and anti-G2
preparations but absent in anti-NC sera. From the standpoint of producing
protective immuncgens, the most interesting observation is that dboth Gl and G2
polypeptides clearly contain virus-neutralizing determinants with significantly
higher titers associated with anti-Gl ascitic fluids.

These antisera were tested for their relative efficacy in providing protection
in vivo in & mouse model (Table 2)., In these studies, control and antigen-specific
ascitic fluids were used to immunize passively adult C57 mice 24 h prior to
challenge. As expected, standard hyperimmune ascitic fluid, which contained a high
neutralization titer as well as reactivity to all RVFY proteins, protected all test
animals; whereas negative control ascitic fluid or anti-NC ascitic fluid provided no
protecticn., However, the observation that anti-Gl preparations, despite their high
in vitro neutralization titers, failed to protect, whereas anti-G2 antibodieas
consistently protected all challenged animals, was unexpected, Although several
possibilities exist, the reason(s) why neutralizing anti-Gl antibodiss failed to
protect in vivo currently remain untested and unclear. However, as shown below,
similar conclusions have been obtained from analysis of RVFV-specific, monoclonal
antibodies,

Production and Characterization of Monoclonal Antibodies to RVFV Gl andvGZ Initial

attempts to produce mounoclonal antibodies to phleboviruses resulted in the isolation
of hundreds of hybridomas secreting antibodies to the internal nucleocapsid protein,
which is apparently the immunodominant viral antigen. Although such antibodies are
useful for diagnostic procedures as well as virus-strain comparisons (5), they are
not useful for the identification of protective epitopes which are expressed on the
surface glycoproteins, Gl and G2, Consequently, a total of five fusions have been
carried out in which BALB/c mice were immunized and boosted with glycoprotein-
enriched fractions obtsined from purified virus or with purified Gl or G2. A total
of 50 glycoprotein-specific monoclonal antibodies have been characterized to date,
This characterization has included: 1) antigen specificity; 2) isotype
determination; 3) IFA, HI, and ELISA titration; 4) competitive binding analysis; 5)
in vitro neutralization capacity; and 6) in vivo protective capacity, as monitored
by passive immunization and subsequent challenge of C57BL/6 mice, The results
obtained with selected wonoclonal antibodies are shown in Tables 3 and &,




21

These data show that G2-specific antibodies which demonstrate in vitro
neutralization capacity are capable of offering absolute protection in passive
immunization experiments. Non-neutralizing, G2-specific monoclones (from five
distinct competition groups) failed to provide significant protection. None of the
Gl-specifi¢ monoclonal antibodies (encompassing seven competition groups)
efficiently protected passively immunized animals, despite the fact that milligram
amounts of antibody were transferred, and that several of these antibodies showed in
vitro neutralization titers of 1600 to 25,600, There remains the possibility (if
not probability) that additional protective determinaants exist for which no
corresponding monoclone has yet been isolated. Hovever, these results are in total
agreement with those obtained with the antigen-specific, polyclonal sera, which
likely contained antibodies reactive with most, if not all, of the major epitopes
expressed on these proteins.

Mapping of Protective Epitopes and Selection of Peptides to be Synthesized

Mapping Various approaches of mapping epitopes (defined by monoclonal antibodies)
to specific amino acid sequences have been attempted in various virus sytems
including: 1) monitoring reactivity with protease-derived fragments; 2) cowmparing
nucleotide sequences of parental and antibody-induced virus variants; and 3)
monitoring antibody reactivity with raadomly produced synthetic peptides. Although
apparently successful in some cases, these approaches have been unauccessful or even
misleading in many instances. The procedures adopted by Keegan and Collett (8) (via _
extramural contract with Molecular Genetics) have utilized a differant approach in
which "nested sets” of defined polypeptides have beea expressed in 5. coli coded by
RVFV-specific genetic inserts of different lengths. Plus/minus reactivity of a
monoclonal antibody with these knowa polypeptides defined the epitope to 1 specific
sequence provided that allosteric effects were absent. The epitope is assumed to
lie within the end sequences of the longer of two polypeptidas showiog plus/minus
reactivity. Utilizing these techniques, six protecting, G2-specific monoclonal
antibodies (characterized and supplied by USAMRIID) have been mapped to three
sequences on G2 of 11, 19, and 32 amino acid residues. The total anumber of amino
acid residues in G2 is not precisely known, but {s approximately 500. All three of
these epitopes lie within 135 amino acid residues in the N terminal half of G2, The
available data, therefore, suggest that vaccine-relevant epitopes are not only
restricted to G2, but are confined to a 135-residue sequence - a length well within
the capabilities of current technology to examine adequately by synthetic peptide
analysis,

RVFV, therefore, coastitutes perhaps the best virus model defined to date to
test the feasibility of the synthetic peptide approach to vaccine developmeat., Not
ouly are several protecting epitopes precisely mapped but several of these epitopes
are known to be conformation-independent.

Selection of Peptide Sequences X-ray crystalographic studies of myeloma proteins
have shown that antibody-combining sites are approximately 18 angstroms - indicating
that a protein epitope can not exceed 5 to 6 amino acid residues. In practice,
synthetic peptides are usually syanthesized from 9 to 16 residues. The potential
number of such peptides from the 135-residue sequence described above (assuming any
start position from 1 to 126) is finite but unmanajeadbly large. There are currently
two procedures which are used to select specific sequences most likely to result in
an immunogenic peptide inducing antibodies reactive with a native protein.

The first identifies hydrophilic and hydrophobic domains along the linear
sequence and asgumes that hydrophilic sequences will be at the surface of a globular
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protein and, therefore, potential antibody-combining sites. The second procedure
utilizes the Chou and Fasmen slgorithm to predict secondary structure and focuses on
"turn" sequences between "alpha helical” and "beta sheet" structures, This
procedure relies on observations from x-ray crystallography that such turns are
invariably at the surface of globular proteius and are often immunodominant
epitopes.

Although these computer—assisted analyses may not be completely accurate, the
sequences of the I-4D4 epitope, which has been most precisely mapped, could have
been predicted to be a potentially ideal epitope, based on these criteria. There
are, in addition, several other hydrophilic domains which may represent important
epitopes for which no corresponding monoclone was isolated., Based on these data, 1l
synthetic peptides have been selected and are currently being synthesized at Meloy
Laboratories via an extramural contract. Nine are within the 135-residue sequence
and two are located within sequences preceding G2. These peptides will be
convalently coupled to keyhole limpet hemocyanin and bovine serum albumin and used
to immunize rabbits and mice. Resulting antisera will be assessed for their
ralative ability to bind and/or neutralize RVFV. In addition, mice immunized with
synthetic peptides will be subsequently challenged with RVFV to determice the level
of protection induced.
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Table 1 Characteristics® of Anti-RVFV G-1, G-2, and NC polyclonal ascitic fluids

ELISA IFA-VERO
IMMUNOGEN VIRION NC G-1 G-2 INF UNINF HI  PRNT-50 PRNT-80
NC 12,800 12,800 <50 <50 4200 <8 20 <10 <10
G~1 © 15,500 <50 21,900 <50 1660 <8 3200 10,240 2560
G-2 11,800 <50 <50 12,800 1530 <8 3280 2,560 80

2Values represent arithmatic n:an titers from 8 independently derived ascitic fluids.




Table 2 Passive

immunication® with RVFV antigen-specific polyclonal antisera
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ANTIGEN PRNT PRNT
ANTIBODY SPECIFICITY 502 80X ELISA PROTECTION
None (S-180) - <10 <10 <50 0/10 ( 0%)
Hyperimmune All 10,240 10,240 50,000 20/20 (100%)
PCGL Gl 10,240 2,560 12,800 1/20 ¢ 52)
PCG2 G2 2,560 80 12,800 18/20 ( 90%)
PCNC NC <10 <10 50,000 0/20 ( 0X)

8Mice were passively immunized with 0.2 ml of undiluted ascitic fluid 24 h

before challenge.
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Table 3 Passive Immunization® of C57BL/6 Mice with G2-sgpecific monoclonal

antibodies
PRNT COMP,

MCAb 802 GROUP ISOTYPE ELISA PROTECTION
None (Sp2/0) <10 - - <50 0/20 ( o2)
R1-4D4 10,240 P Gy,k 250,000 10/10 (100%)
R10-10A 1,280 F L 100,000 10/10 (100%)
R5-3G2 160 F G,k 100,000 25/25 (1002)
RS~9B6 40 ND M,k 10,000 19/20 ( 952)
R1-3C10 <10 D Gy,k 250,000 3720 ( 152)
R1-3D10 <10 c G,k 250,000 0/10 ¢ 03%)
R2-3D11 <10 E Gapsk 100,000 3/25 ( 12%)
R2-1E5 <10 ND G,k 100,000 0/10 ( 02)
RS-3C11 <10 E G,k 100,000 4/27 ( 14%)
R2-1E4 <10 ND Gyk 250,000 4/25 ( 162)
R1-1F11 <10 ND Gp.k 250,000 0/10 ( o0%)
R4-3D11 <10 ND G,k 100,000 /17 ( 0%)

®Mice were passively immunized with 0.2 ml of undiluted ascitiz fluid 24 h

before challenge,
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Table 4 Passive immunization® of C57BL/6 mice with Gl-specific monoclonal
antibodies

PRNT COMP,
MCAD 802 GROUP ISOTYPE ELISA PROTECTION
None (SP2/0) <10 - - <50 0/20 ( 0%)
R1-4B6 25,600 B G,k 250,000 4/27 (152)
R4~-SE2 25,600 ND G,k 250,000 1/20 ( 5%)
R1-5G2 25,600 D Gogrk 500,000 6/17 (35%)
R1-3B4 1,600 F Gy, k 250,000 5/27 (18%)
R4=-4G11 1,600 ND G,k 250,000 5/27 (182)
R1-1G6 1,600 A G,k 250,000 0/10 ( 0%)
R4~6G4 1,600 ND G,k 75,000 4/27 (152)
R2-1ES <10 E Gy,k 500,000 0/10 ( 02)
R2-1F7 <10 c Gy,k 500,000 0/10 ( 02)
R2-1G4 <10 E G,k 500,000 0/10 ( 0%)
R1-P5E8 <10 G Gapsk 100,000 0/10 ( 0%)
R4-3B9 <10 ND Gy, k 100,000 0/10 ( o)
R4-7D2 <10 ND G,k 100,000 0/io ( 0%)

%Mice were passively immunized with 0.2 ml of undiluted ascitic fluid 24 h
before challenge.
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Background:

A rumber of low molecular weight toxins of biological origin have been
implicacted as potential biological warfare agents. These toxins includa certain
mycotoxins (trichothecenes), sodium channel blocker agents (saxitoxin, tetzro-
dotoxing), othar toxins of marine origins, blue-greea algae toxins, and othar low
molecular weight toxins of plant and enimal origin. The trichothecene mycotoxins
have bean detected in the environment and physiological fluids of individuals
exposed to "yellow rain" (1). Most of the published literature on these toxins
involves studies on orally ingested contaminated grains and seafood (2,3). 1In ord
to davelop & medical defense against chese toxins, a basic technology program was
initiated on the rapid detection, pathophysiology, and cell mechanism of action.

Summary:

To provide medical defense against these toxins, studies have been involved it
elucidating detection, pathophysiology, toxicology, prophylaxis, and treatment of
intoxications., An HPLC/mass spectrometry procedure has dbeen developed for datectic
of saxitoxin in biological fluds, Differences were noted in metabolism and
pharmacokinetics of T-2 mycotoxins when administered parentarally or dermally.
While T-2 tetraol was the major metabolite in biological fluids, the parent T-2 was
detected in these fluids only after dermal exposure. Data from in vitro studies on
the inhibiton of protein synthesis did not correlate vith data from mouse lethality
studies, vhich raises some doubt whether protein inhidbition is the major mechanism
in T-2 mycotoxicosis., This conclusion is supported by our inability to detect this
inhibition when a lethal T-2 dose was given to a rat.

Progress:

Datection A summer faculty member (Dr. Hines) has developed techniques capable of
detecting STX in complex mixtures (e.g., urine) on the basis of structure. An RPLC
technique, similar to that of Sullivan et al. (4), was used to purify saxitoxin
from guinea pig urine. STX in the presence of an ion-pairing reagent
(heptanesulfonic acid) was retained by a C-18 reverse-phase column and was eluted a
s well-defined and symmetrical peak by a solvent systea containing 20%
scetonitrile. This peak was identified as STX by & fluorescence method (5). Also,
mass spectral analysis of the HPLC peak positively ideatified it as STX. The maas
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spectrometry procedure was Fast Atom Bombardment (FAB), with selective ion
monitoring, which could detect 10 ng STX. This technique should allow future
studies on the metabolism and pharmacokinetics of STX. This merthod will be
important for detection and confirmation of STX present in biological samples from
suspected biological warfare attack.

Pharmacokinetics and Metabolism In a previous study, [3H]T~2 was administered i.m.
to guinea pigs, and the fate and distribution of T-2 and metabolites was followed
over 28 days. Recently, we have identified the metabolites appearing in plasma,
bile, urine, and five major tissues, By 30 min, tissues showed 25X of the
radioactivity; and extractable metabolites were identified as T-2, 3'OH-T-2, HT-2,
3'0H-HT-2, and T-2 tetraol. Within 5 days, 75% of the total radioactivity was
excreted in urine and feces at a ratio of 4:1. Urinary metabolites were
quantitatively identified as T-2 tetraol, 4-deacetyl-neosolaniol (DANS), 3'OH-HT-2,
and several unknowns, Biliary metabolites were identified as HT-2, DANS, 3'OH-HT-2,
3'0H-T-2 triol, and several unknowns. Hydrolysis of the polar unknowns with
8=-glucuronidase yielded 807 HT-2, 112 3'OH~HT-2, and 1% T-2 tetraol. By 30 min, 2%
of the total radioactivity was found in plasma. Metabolites in plasma over the
first 24 h were estimated to be HT-2 (5-40%), DANS (7-102), T-2 tetraol (3-19%), and
polar conjugates (12~40%). The parent T-2 toxin was not detected in plasma, urine,
or bile (detection limit, 1 pg/nml). Results indicate that radioactivity was still
present in tissues and body fluids 28 days after exposure to the toxin, and that
urine, rather than blood, and T-2 tetraol, rather thaan T-2, were the sample and
metabolite of choice for diagnostic teating.

The fate and distribution of (3H11-2 toxin were assessed in guinea pigs and
rats that were doged topically with T-2 in either DMSO or methanol. In the guinea
pig study, when [“H]T-2 was applied in methanol, 80% remained in or on the skin
after 28 days, but when applied in DMSO, less than 5% remained. This suggests that
in the methanol group the dermal layer may be acting as a reservoir for the toxin.
More toxin was abaorbed at all time points in the DMSO group; however, the rates of
absorption, expressed in terms of halftimes to maximum absorption, were
comparable, Approximately 502 of the radioactivity appesresd in urine of the DMSO
group over 28 days, while only 52 was in the urine of the methanol group.
Radioactivity peaked in blood and bile by day 1 in the DMSO group and by day 3 in
the methanol group, suggesting the rate of uptake into these compartments was faster
wvhen DMSO was the delivery solvent. While & greater amount of toxin was absorbed in
the DMSO group, a larger perceant of that absorbed was found in tissues in the
methanol group. This, coupled with the fact that, in the methanol group, only 5% of
the absorbed dose was excreted over 28 days, suggests that the rate of elimination
was slower in the methanol group. In the methanol group, T-2 was stil) detectsbdle
in urine and bile 6 days post-exposure and was conjugated as glucuronides. T-2 was
present in the plasma of the methanol group at day 3 and in the D¥SO group through
day 28, In the DMSO group, less than 1% cf the urinary and biliary radiocactivity
was associated with the parent T-2 or conjugated T-2, This suggests that T-2 was
metabolized more efficiently whea delivered in DMSO as compared to methanol.

An in vitrg model was used to study the rate of penetration through and
metabolism of [“H]T=2 by excised human, monkey, and guinea pig skin. Total percent
penetration was 0,332 and 0.13% for whole human and monkey skin, respectively.
Radicactive compounds in the receptor fluid bathing human skin corresponded to T-2
(69%7) and HT-2 (252). Although penetration was faster through monkey skin than
through human skin, freezing the skin sample increased the penetration in both
cases. The dose~response experiments indicate that exposure to higher doses of T-2

results in an increased efficiency of penetration,
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Cell Biology Nineteen 12,13-epoxytrichothecene mycotoxins were tested for their
relative protein synthesis inhibition effects in Vero cells and rat spleen
lymphocytes. Although the lymphocytes were generally more sensitive to the
mycotoxins, good correlation existed between the relative toxicities of the various
trichothecenes in the two cell systems. The most cytotoxic mycotoxins (T-2,
verrucarin A, and roridin A) have acetyl side groups on or a hydrocarbon chain
between carbon 15 and carton 4 of the basic ring structure, Loss of side groups
from either of these positicas or an isovaleryl group at carbon 6, resulted in
raduced cytotoxicity [T-2 to HT-2, neosolaniol or diacetoxyscirpenol (DAS)]. Any
combination of loss from all three positions further weakened the cytotoxic effect
of the mycotoxins [T-2 triol, T-2 tetraol, 15-moncacetyl DAS (MAS), scirpenol,
fusarenon X, and deoxynivalenol (DON)]. Reduction of the hydroxyl groups of these
compounds to hydroxides (verrucarol and deoxyverrucarol) lowered the cytotoxic level
to over three logs less than the most cytotoxic mycotoxins., Addition of side groups
resulting in rediiced cytotoxicity occurred only when an acetyl group was added to
the C3 position <€ T~2 (acetyl T-2) and DON (3-acetyl DON), or when an epoxide was
substituted across the 9,10 carbons of DAS (B-epoxide DAS). Mixtures of these and
other mycotoxins indicated that their cytotoxic effects were additive and shoved no
synergism or competition for binding to the active site. When this ia vitro
cytotoxicity was coryared on a structure-function relationship to mouse lethality,
discrepancies were observed. In the mouse biocassay, only a one-log difference was
observed in the toxizity of various trichothecenes that were tested. In contrast, a
2- to 3-log difference was 7bserved in cytotoxicity when the same trichothecenes
were evaluated in the in vitro cell system, Several of the trichothecenes, such as
acetyl T-2, T-2 tetraol, and nivalenol, were very weak inhibitors of protein
synthesis in cell systems but had an in vivo toxicity similar to that of T-2

toxin. Furthermore, tha administration route of certain mycotoxins (T-2 and
verrucarin A) could mariedly influence the toxicity in the mouse lethality assay.
Thus, the in vitro cell system is not an accurate evaluation of the toxicity of a
given trichothecene in whole arimal studies,

The recent availability of labeled mycotoxins, other than T-2, has resulted in
several studies of interest. The rate of uptake of an equal concentration of T-2,
AT-2, tetraol, and triol into Vero cells and lymohocytes was directly proportional
:g their cytotoxic level. Competition s:udies of cold mycocoxins in the presence of
["H]T-2 also showed the rate of uptake of [“H]T-2 was only reduced in the presence
of enough of the cold mycotoxin that would normally be cytotoxic, Thia may be in
great excess of the T-2 concentration for less potent mycotoxins. This was another
indication of mycotoxin transport being an important factor in cell-level
cytotoxicity.

Purther astudies on the reversibility/recovary effects of the macrocyclics as
opposed to the other mycotoxins have been carried out with the recent availability
of the labeled mscrocyclic, verrucarin A. Release of verrucarin A from Vero cells
after loading for | h was compared to release of T-2 mycotoxin. Over & 2-h period,
more than 502 of the T-2 was released by the cells, while less than 202 loss of the
verrucarin A occurred in the same time period. Additional studies on uptake rates
and metabolism in various cell systems will help to determine the basic differences
betvesn the macrocyclics and other trichothecene mycotoxins,

A wide variety of culture cell lines, in addition to primsry cells like
lymphocytes, macrophages, hepatocytes, intestinal cells, and heart cells, have been
utilized in protein synthesis inhibition assays. More recently, the L6 cells T-2
and vertucarin A sensitivity was assesged. T-2 had an EDg, of .0034 yug/ml and
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\
verrucarin A .0028 pg/ml, with the minimal effective dose of less than .00l ug for

either T-2 or verrucarin., This is 3 to &4 times more sensitive than other cell

systems go far studied. %

Studiea on metabolism of {3H]T-2 have been completed in hepatocytes, rat
intestinal cells, lymphocytes, heart cells, and Vero cells, with the highest to
lowest rates of metabolism in the order of cell types given., Because the .
hepatocytes demonstrated the greatest rate of metabolism, additional studies are in
progress employing media from T-2 exposed cultures of hepatocytes and various
subfractions of the cells. Both the media and, to varying degrees, the various .
subfractions of hepatocytes have the ability to metabolize T-2 to HI~2, However,
only intact cells form other intermediates and, eventually, all polar metabolites
that remain at the origin on the TLC plates. Initial results from metaholism of
(“H] verrucarin A in hepatocytes and heart cells indicate that it is metabolized
just as well, if not more rapidly, than T-2. This is in oppouition to the
hyoothesis that the more toxic nature of the macrocyclics is due to the 1n;b111ty of
cells to metabolize and release these compounds.

Studies were performed to determine the stability of T-2, HT-2, and T-2 tetraol
in urine and blood at various storage temperatures, and with or without sodium
fluoride over six months. To date (one month), the following conclusions gan be
drawn: (1) As was expected, all toxins are more stable when stored at -70 C than at
room temperature, but T-2 toxin did degrade. (2) Tetraol was stable in both urine
and blood, regardless of storage temperature or the addition of sodium fluoride.

(3) HT-2 was the least stable metabolite. (4) The addition of sodium fluoride only
slightly increased the stability of T~2 in blood, but had no effect on the stability
of the other toxins in blood or urine.

T-2 toxin is a known inhibitor of eukaryotic protein synthesis. T-2 toxin has
been shown to inhibit mitochondrial protein synthesis, a prokaryotic-like system.
An in vitro system employing cycloheximide, an inhibitor of cytoplasmic protein
synthesis, and stimulated by a $-100 supernatant from rat liver, was used to
characterize the mitochondrial protein synthesis system. Energy requirements were
satisfied by the addition of an external ATP-generating system. Amino acid
incorporation into protein was dependent on the concen:ration of mitochondria and
was inhibited by chloramphenicol. The rate of uptake of [“H]leucine into
mitochondria was unaffected by the addition of T~2 and was not the rate-limiting
step in incorporation. The rate of protein synthesis was decressed 70 by 0.03
ug/ml T-2 toxin., Other trichothecene mycotoxins (HT~2, T-2 tetraol, Roridan A,
verrucarin A, and verrucarol) also inhibited mitochondrial protein synthesis. Both
chloramphenicol snd T-2 decreased the label found in electrophoretic bands
corresponding to mitochondrial translation products. Thesz results are significant
because cytoplasaic and mitochondrial systems of protein synthesis are different,
This was the first time that T-2 has been shown to affect a prokaryotic-like system.

In an effort to correlate the results seen in cell systems with whole-animal .
lethality, studies have begua on the in vivo incorporation of labeled amino acids
into the trichloroacetic acid (TCA)-precipitable fraction of livers from control and
T-2~exposed rats, Eight hours after giving rats twice a normal LD, dose, the
intexicated rats had about twice the radiosctivity associated with the TCA-
prucipitable fraction compared to the controls. Additional time periods during the
course of the intoxication will be observed to see if, at any time, there is a
suppression of amino acids uptake which would be an indication of protein synthesis
inhibition in whole animals,
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WORK UNIT NO. S12-AF-005: Pathophysiology of Low Molecular Weight
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PRINCIPAL INVESTIGATOR: Saviolakis, C. A., LTC

ASSOCIATE INVESTICATOR: Bunner, D. L., COL, M.D,

Background:

Small molecular weight endogenou; peptides, such as neuropeptides and
monokines, have major effects on physiological control of vital organ systems, such
as cardio-respiratory, vascular, endocrine, and immune systems, and on behavior
(1). Due to their demonstrated potency, many of these peptides may be important as
potential BW agents. The purposes, therefore, of this work unit are: (a) to assess
the pathophysiological effects of selected groups of peptides; (b) to develop
methods for their detection; and (c¢) to develop therapeutic interventions to
mitigate their effects on military personnel.

Summary:

Research efforts during the past year had three primary elements:

(A) Evaluation of in vitro systems to study the basic mechanism of action of
select neuropeptides, neurotransgmitters, and monokines. These included: (Al)
Application of an established human neural cell line, the Y-79 retinoblastoma cell,
to studies of insulin receptors and responses; (A,) Application of the same cell
line to studies of cholinergic receptors; and (A3 Use of continuous or primary
hepatocyte and muscle cell lines to evaluate the catabolic effects of interleukin-1,

(B) Development of an in vivo system to study a limited aspect of peptide
pharmacokinetics, namely absorption through respiratory mucosze. This utilizes
recently developed hydrophobic vehicles (fusidic acid; bile salts) for intranasal
insulin therapy.

- (C) Definition of the scope and content of this work unit through discussions
and consultations with USAMRIID and other DOD investigators from WRAIR, USAMRICD,
NMRI, and USUHS. A meeting was held at USAMRIID on August 6, 1985, and, as a
result, programmatic plans are currently being completed.

Prcgreu $

(AI) - The human Y-79 retinoblastoma cell line is easily grown in suspension
culture and can be induced to differentiate into neuronal and glial cells. Specific
insulin receptors were demonstrated on these cells. These receptors are kinetically
similar to ones present on non-neural cells, except for the absence of negative co-
operative interactions among them, They are down-regulated by insulin and
cholinergic antagonists, Interleukin-l, which is produced by astrocytes in the
central nervous system (CNS), had inconsistent effects on insulin receptor
regulation., Except for down-regulation by insulin, other insulin effects, such as
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glucose and amino acid transport, and decrease in catecholamine-stimulated cyclic
AMP levels, were not found. Antibodies against the insulin receptor inhibited
insulin binding.

(A,) - Cholinergic receptors of the muscarinic type (the predominant' type in
CNS), but not of the nicotinic :type, were also found on Y-79 cells. Progress in
characterizing these receptors further and in studying their regulation has been
impeded by technical problems (mycoplasma contaaination, high endotoxin levels in a
serum lot) which were only recently overcome.

Cumulative results and experience with this cell line suggest its utility in
neuropeptide and neurotransmitter receptor studies, in studies of interactions among
peptide and non-peptide traasmitters, and, possibly, in screening for neurotoxins.
The effect of insulin anti-receptor antibody suggests its use in mitigating the
adverse effects of hybrid insulin/toxin peptides.

(A3) - In response to interleukin-1, protein synthesis and degradation have
been studied in three cultured cell lines: the continuous clone § rat hepatocytes,
primary rat hepatocytes, and mouse L6 muscle cells. Significant effort was expended
in standardizing culture conditions, as cell preparation and age, incubation
conditions, and serum effects are all factors contributing to substantial inter-
assay variation and inconsistent results. In general, L6 myocytes gave the more
congistent results to fetal bovine serum (FBS) (decreased protein degradation,
.increased synthesis), dexamethasone (DXM) (increased degradation, decreased
synthesis}, and to interleukin=l (IL-!) (increased degradation and synthesis). Both
clone 9 and primary hepatocytes were much less consistent in response to IL-1,

Their responses to FBS and DXM, even though congistent, had high inter-assay
variations, These findings emphasize the need for careful extrapolation of in vitro
results to the in vivo situation and the necessity for in vivo verification of
findings as they arise. In addition, currently commercially availsble IL-1l, diluted
in FBS, is not appropriate for this type of study, due to potent independent effects
of FBS. We have reason to believe that IL-l diluted in human serum albumin, soon to
be available, may alleviate this problem.

Two other cell culture lines, the lymphoma LBRM-33~5A cells and human foreskin
fibroblasts, widely used for bioassay of IL-1 activity, were slso adopted in the
laboratory, and their growth responses to IL-1 are being evaluated.

(B) - Bile salts (2) and fusidic acid (3) were recently shown to facilitate
intranasal absorption of insulin. Although only 10X or less of the administered
hormone was absorbed, a biological effect (ie., decrease in blood glucose level) wvas
observed when 50 U/0.1 ml insulin was given to human subjects 2, 3. Studies
exploring this systam were performed in collaboration with Dr. Donald Creasia of the
Pathophysiology Division. In anesthetized rats, insulin (1-2 units/kg) in 1Z (v/v)
fusidic acid lowered blood glucose by 40% and 60X after intranasal or intratrachesl
instillation, respectively. With an equivalent dose of 125I-labeled insulin, less
than 52 of the radioactivity was detected in the blood of which oaly 232 was acid-
precipitable. These are still very preliminary results but the potential of this
route of peptide administration will be further explored for evaluating
toxicological risk and therapeutic benefits.
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(C) - After several discussions with other DOD (WRAIR, USAMRICD, NMRI, USUHS)

investigators, a round-table discussion was held at USAMRIID on August 6, 1985 to

help focus the scope and research effort on work with regulatory peptides.
to define the workscope are currently held at USAMRIID and the program will soon be

implemented.
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1.

Saviolakis, G. A., A. P. Kyritsis, and G. J. Chader. Specific insulin receptors

in human Y-79 retinoblastoma cells. Presented at the Annual Meeting of the
Association for Research in Vision and Ophthalmology, Sarasota, FL, May 5-10,
1985.
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BODY OF REPORT

PRCJECT NO.  3M263763D807: Exploratory Development of BW Vaccines/Drugs
WORK UNIT NO. D807-AA-0ll: Exploratory Development of Vaccines Against Anthrax
PRINCIPAL INVESTIGATOR: Stephen H., Leppla, Ph.D.

ASSOCIATE INVESTIGATORS: John W. Ezzell, Ph,D.
Stephen ¥, Little, Ph,D.
Gregory B. Knudson, Ph.D,

Background:

The possibility that Bacillus anthracis might be used as a BW ageat against
U.5. forces requires that a vigorous effort be made to develop and azintain modern,
effective methods to prevent, diagnose, and treat anthrax infectior. The curreat
human anthrax vaccine was developed more than 20 years ago. It consists of the
culture supernatant of the toxigenic Sterme strain. This vaccine is expensive,
reactogenic, and appears to have limited immunogenicity, as indicated by the need
for six initial immunizations, followed by yearly boosters. Efforts over several
years have sought to improve this chemical vaccine through optimization of fecrmenter
and recovery techniques so as to increase yields and purity of the protective
antigen (PA) component. More recently, consideration has been given to using the
cloned PA gene for production of the vaccine protein or its genetically altered
variants in heterologous bacterial expression systems.

Since vaccine tests in humans must be limited to measures of antibody response,
vaccine design has relied on the risults of animal trisls. Reports from the 1950's
and 60's indicate that immuynization with PA vaccines wmay not provide protection
against all virulent strains of B. anthractis. These reports have been confirmed in
studies reported in the USAMRIID Annual Report, 1984,

For the reasons ststed above, consideration has also been given to use of the
live Sterne atrain as a human vaccine. This toxigenic, but noncapsulated strain was
developed more than 50 years ago und has seen wide and successful use in protection
of livestock. Furthermore, incomplete reports show that a Sterne-type strain (STI)
was used in several million persons in the Soviet Union with apparent efficacy.
Anecdotal reports of severe reactions or infactions following STI vaccination cannot
be evaluated from the available literature, To be acceptable for use in the United
States, it is prefarable that the Sterne strain be further attenuated through
genetic manipulation.

Consideration is also being given to the use of monoclonal antibodies in
diagnostic techniques or in treatment of infections. Aa ongoing effort to develop
mouse and human monoclonal antibodies is occurring through in-house, collaberative,
and coantract work.

Summary:

During this period, efforts to improve the production of the vaccine ccwmponents
of anthrax toxin focused on recovery of proteins from the culture supernatant.
Tangential flow filtration was put into use as & safer way to remove bacteria from
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the culture. Hydroxylapatite was found to be au efficient batch adsorbant for
recovery of lethal factor (LF) and edema factor (EP). High-resolution
chromatographic and electrophoratic methods revealed that the purified protective
antigen (PA) contained a species with slightly increased negative charge. This
species was much less toxic than the major PA fraction. Purified toxin components
were supplied on demand to investigators at USAMRIID and elsevhere.

Mild trypsin treatment produced two large fragments from PA. Conditions were
found for purifying these fragments and keeping them soluble, to facilitate their
uge in functional assays.

Evaluation of the possible use of the Sterne strain as a vaccine continued with
a tesg of the minimum immgnization schedule which confers protection. A single dose
of 10”7 or two doses of 107 spores of Sterne provided significant protection againat
challenge with Vollum 1b strain.

Additional fusions were performed and approximately 24 new hybridomas for PA
were obtained. A collaborative effort with WRAIR led to production of candidate
human hybridomas to PA.

Progress:

The 50-liter fermenter coatinues to be used succeassfully to produce Bacilius
anthracis toxin components. Following optimization of growth medium, attention has
been focused on improving the procedures for recovery of toxian from the culture
supernatant, Hydroxylapatite is especially effective for adsording LF and EF from
undiluted culture supernatants. A limitation, however, in the use of
hydroxylapatite, is its incompatibility with EDTA, the most cffective inhibitor of
the zinc-dependent protease produced by B, anthracta. This limitation has now been
overcome through 4 systematic :omparison of zinc chelating agents. The cheamical,
1,10- phenanthroline, has been found to be a very effective protease inhibitor; but
it does not have the property of dissolving the hydroxylapatite or inhibiting
protein adsorption, as does EDTA,

The development of reliable systems for the production of anthrax toxin has
allowed attention to be turncd to & detailed examination of the toxin proteins.
Techniques developed to examine the purified proteins include high-resolution, anion
exchange chromatography employing Mono-Q columas (Pharmacia); and electrophoresis on
nondenaturing polyacrylamide slab gels. When examined by these procedures, PA
preparations contained several species differing slightly in charge. These species
could be produced on a semi-preparative scale by using the mono-Q columns. The
fraction with increased negative charge was shown in the macrophage toxicity assay
to be at least 10-fold less poteni. This result may explain indications that
preparations of toxine produced several years ago were less potent. Availability of
the electrophoretic and the HPLC methods for analysis of PA preparations should make
routine quality control of preparations possible and assure the production of highly
potent preparations. By using the methods described in previous annual reports, we
have maintained stocks of the three individual toxia components at adequate levels
30 that requests from USAMRIID investigators have been prountly filled. In
addirion, during 1985, purified toxin compoun=nts have been provided to eight
different contractors and collaboraZors outsid=z USAMRIID,

An important step has been made in analysis of the structure-function
relationships in the PA protein through pursuit of an observation made by a

rmy
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collaborator, Dr. David McKay of the University of Colorado. Dr. McKay noted that
very mild trypsin treatment of PA caused a single cleavage, resulting in production
of two fragmeats of approximately 60 and 20 kilodaltons (Kd). These fragments
remained associated until the protein was either heated to 45°C or ‘exposed to strong
denaturants. Heating the anicked toxin to 45°C caused separation of the fragments,
demonstrated by size-exclusion HPLC. However, the 60-Kd fragment produced in this
way tended to precipitate under most coaditions. An alternative procedure for
seperating the fragments has been found which allows separation of the two fragments
in a non-denatured, soluble form. To accomplish this, the nicked toxin was applied
directly to a Mono~Q column equilibrated at pH 9. Application of a salt gradient
led to elution, first of the 20~ and then of the 60~Kd fragment., These can be
obtained and maintainad in solution by dialysis at pH 9, These purified fragments
are now available for testing, both as candidate vaccines and as reagents to examine
the binding and internalizatinn of PA on eucaryotic target cells, Such studies
should localize the receptor-binding domain of PA to one of thase two fragments.

Animal trials to evaluate candidate vaccines are focusing on comparison of the
chemical PA vaccine and the live Sterne vaccine. As previowily reported, the PA
vaccine does not provide complete protection againat 9 of 25, B. anthracis,
challenge strains. Strains overcoming PA vaccination have been termed "vaccine-~
resistant” isolates. The NR and Ames strains are examples. The possibility that
this phenomenon might be due to differences in the virulence of vaccine-resistant-
strain spores was examined by measuring LD O'l of several strains. LD¢y values for
im challenge were approximately 30 - 50 CFB for Vollum, NH snd Ames; but were 400
CFU for Vollum lb. The apparent loss in viruleuce of Vollum 1b (used in some of the
experiments which defined the vaccine-resistant strains) may necessitate the
reexamination of this phenomenon. British investigators have confirmed that Ames
and NH challenge can overcome immunization with chemical vaccines. Future plans
include analysis of whether the vaccine-resistance phenomenon is observed when PA-
immunized animals are challenged by the aercsol route,

Ia comparisons of the efficacy of chemical and live vaccines, it Zs also
necessary to consider the optimization of imrunization schedules. Previous
experiments have, in general, tested two doses of doth types of vaccines, spaced at
two-week intervals, followed by challenge two weeks after the last dose. In order
to determine whether a single immunization with Sterne spores provides protection,
an experiment was performed (Table 1), Graded doaes of Sterne spores were given
either as a single immunization or as two immunizations spaced at an interval of two
wveeks, Intramuscular challenge with 2500 spores was performed two weeks after the
last immunigntion. The datas indicate that a single dose of 10 spores, or of two
doses of 107 spores, were necessary to induce a detectable ELISA titer to PA and to
induce some degree of protection against challenge.

ar.other research effort contributing directly to anthrax vaccine improvement is
the continuing isolation of hybridomas and production of monoclonsl antibodies to
anthrax toxin compounents. Under a contract established with Hazeltoa Laboratories,
a fusion was performed with PA-immunized mice. Performance of the fusion and
coordination with the contractor were performed successfully, but only two useful
monoclones resulted. Subsequently, additional fusions to produce PA monoclonal
antibodies were performed by the Virology Division hybridoma group in December 1984
and April 1985. Each fusion yielded approximately twelve clones which appeared
valuable. Recloning and analysis of these hybridomas are continuing.
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An Edema Factor (EF) fusion perforuwed in June 1984 was successfully completed
with the sslection of 15 candidate hybridomas. Unfortunately these clones proved to
be very unstable when placed into mice for ascitic fluid production. Only one cloae
proved stable upon repeated subcloning. This clone has been expanded and sent to
Salk Institute for ascitic fluid production. The continuing difficulty in producing
monoclonal antibodies to EF may reflect the interaction of this prorein with the
eycaryotic protein, calmodulin, and the possible perturbation of lymphocyte
metabolism expected if EF were internalized. In future attempts to produce EF
monoclones it may be useful to chemically or proteolytically inactivate the
adenylate cyclase activity of the protein.

One immediate application of the monoclonal antibodies described above is their
use in immunoabsorption chromatagraphy for purification of toxin components., An
ongoing contract with Dr, Joseph Burnett, University of Maryland School of Medicine,
has this goal. Monoclonal antibodies, crude toxin supernatant fluids, and purified
LF have been supplied zo Dr. Burnett as needed to support his work.

In other studies employing monoclonal antibodies, USAMRIID investigators have
supported the efforts of COL Jerald Sadoff, WRAIR, to produce human monoclonal
antibodies to PA. Peripheral blocd was collected from USAMRIID personnei three to
four days following booster immunization with anthrax vaccine, and the resulting
cells were fused to produce hybridomas. Large numbers of positive clones were
obtained by COL Sadoff. These have been cloned repeatedly and will now be expanded
to obtain antibodies, It is anticipated that USAMRIID Investigators will be able to
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Table 1. Effect of immunization schedule on protection of guinea pigs from

challenge‘

Immunization Schedule

Anti-PA
Antibody

14°

29
260

36
230

5600

Survival after
Challenge (%)

s0¢
50
70
44
80
90

No. Doses Spores/dose
1 10%
1 10°
1 108
2 10*
2 10°
2 108
:Guinea pigs were immunized im with Sterne spores.

Average reciprocal ELISA titer at time of challenge.

SChallenge with 2500 Vollum lb spores occurred 2 weeks after the last

iomunization.
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BODY OF REPORT

PROJECT NO. IM2637630807: Exploratory Development of BW Vaccines/Drugs

WORK UNIT NO: 807-AB-012: Exploratory Development of Vaccines
Against Q Fever
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.C. E. Snyder, Jr., Ph.D., CPT, MSC
D, M. Waag, M.S.
Jo. C, Williams, Ph.D., CDR, USPHS

Background:

Infection of individuals with phase I Coxiella burnmetii, the etiologic agent of
Q fever, results in the development of serum antibodies and cell-mediated
immunity. These are readily detected by various in vivo and in vitro assays.
Protection against natural or experimentally induced infection is obtained by
vaccination with suspensions of killed phase I whole cell (WC) vaccines; however,
these vaccines induce immunopathologic reactions in humans aad animals. Previous
studies on the safety aad efficacy of WC vaccines have centered around a
determination of acceptable dosage of vaccine based on side effects, on antibody
conversion rate of vaccinees, and on the detection of cell-mediated immunity with a
delayed-type skin test or in vitro lymphocyte proliferation assay. Adverse
reactions obtained during the vaccine trials have prevented widespread and
unconditional use of the phase I WC vaccines, Attempts to remove components that
induce adverse reactions have met with limited success because partially purified
phase 1 antigens obtained by various organic or aqueous so'vent extractions were
effective immunogens only when used with adjuvants. Thus, the relationship bet.seen
phase I WC vaccine and those immunogenic fractions that induce delaterious tissue
reactions, delayed-type hypersensitivity, ia vitro lymphocyte proliferation, and
resistance to infection is not known.

Summary:

Major advancements were made in six areas of the research programs within the
work unit. '

1) Time~ and dosage-dependent lymphocyte unresponsiveness occurred in C57BL/10
ScN mice after immunization with phase I WC vaccine of (. burmetii, and the response
correlated with the appearance of hepatomegaly, splenomegaly, and death.
Concurrently, generalized non-specific splenic and lymph node lymphocyte
“hyporesponsiveness was developed to concanavalin A(ConA), phytohemagglutinin-P(PHA),
and pokeweed mitogens. Chloroform—methanol residue (CMR) vaccine prepared from
phase 1 WC, by contrast, did not induce immnopathologic reactions or suppression of
mitogenic and antigenic lymphocyte proliferation. Lymphocyte responsiveness after
injection of CMR vaccine correlated with protective efficacy, Although some
components of phase I C. burmetii are important determinents of the immunopathologic
reactions, adverse responses are not solaly due to phase I lipopolysaccharide
(LPS). The reactivity of CMR can be restored readiliy by addition of the chloroform
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methanol extract (CME). Apparently CMR contains suppression-inducing determinants,
while CME contains specific or non~specific components. The active component in CMR
seems to be a dithiothreitol (DIT)-soluble fraction with & molecular size of lesas

than 3,500 daltons.

2) Experimental data from experiments with prostaglandin synthesis inhibitors,
macrophage toxins, cell-depletion techniques, and culture protocols suggest that the
induction of suppression and negative regulation of mouse spleen cells by phase I WC
vaccine is antigen-specific, and that the mechanism of action is non-specific with
several cell types being involved.

3) Following phase I (. burmetii{ infection or vaccination, splenic lymphocytes
were suppressed in the absence of splenomegaly in BALB/c mice and congenic
strains. These observations strongly suggest that immunologic unresponseiveness can
be genetically unlinked from the gross pathologic responses, Other data indicate
that the Igh-controlled functional specificities may govern, at least in part, the
in vivo development of splenomegaly.

4) Suppression of lymphocyte responsiveness by Coxiglla antigens in humans was
in part mediated by an antigen-nonspecific, glass-adhereat cell. The failure of T-
cells and T8% (suppressor)-depleted cells to respond to (orizlla antigens suggests
additional mechanisms of suppression are operative, Further, we have shown that the
adhereat suppressor cells work via prostaglandin E (Pctz) productioa, Lymphocyte
unresponsiveness in humans with Q fever endocarditis apparently is modulated partly
by an antigen-specific T suppressor cell which secretes a lymphokine to stimilate
PGE, production by adherent cells.

5) Definite ultrastructural differeances were observed between phase 1 LPS and
phase II LPS. The differences undoubtedly are based on variations in the chemical
composition of each. Phase I LPS, but not phase Il LPS, contain unkanown neutral
sugars: galactosaminuronic acid and compound X. All other components were
identical in the LPS of both phases. The low or undiatectsble amounts of fatty acids
in C. burmetii LPS differentiate this non-toxic LPS from gram-negative bacterial
LPS. Compound X found in phase I LPS was shown to be galactosaminuroayl
glucosamine, On the basis of SDS-PAGE electrophoretic patterns for LPS, the 9 Mile
II and MA4 strains had single low molecular weight bands; 9 Mile, Ohio, and
Henzerling strains contsined no LPS II; K and Australian strains had a mixture of
LPS I and LPS II; and the P strain contained a smell amount of LPS II in addition to
LPS 1.

6) A specific immune response was induced with the 29,5K daltoan protein-
containing fraction of (. burmetii in rabbits and mice., Of 24 monoclonal antibody~
producing cell lines obtained, 8 are being expanded for vse in future studies. Two-
dimensional electrophoresis was used to compare the proteins extracted from several
strains of C. burmétii. Although great similariy ezistsd awong the different
strains, a number of specific differences allowed comparisons to be made, Also,
preliminary studies showed the existence of 1 to 4 DiA-biading proteins in each of 5
C. burmetii strains.

Progress:

Imminomodulation in Mice Recent studies havz shown that imrunization of C57BL/10
ScN, endotoxin-nonresponder mice with phaee I WC vaccine of . Purngtii ianduced
immunopathologic reactions. Time~ and dosaga~dependent lymphocyte unresponsiveness
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followed immunization, and correlated with the appearance of hepatomegaly,
splenomegaly, and death of mice. Concurrently, generalized non-specific splenic and
lymph node lymphocyte hyporesponsiveness was developed to concanavalin A,
phytohemagglutinin-P, and pokeweed mitogens. Splenic and lymph node lymphocytes
from immunized mice were down-regulated below normal control levels by specific
recall antigen. In these studies, cellular expression of negative modulation was a
property of phase I of C. lurmetii since phase II cells were not effective in the
induction of lymphocyte unresponsiveness. Components of the phase I WC vaccine that
were not required for protective efficacy were successfully extracted with
chloroform-methanol. We have shown that a chloroformmethanol residue (CMR) vaccine
prepared from phase I WC does not induce immunopathologic reactions or suppression
of mitogenic and antigénic lymphocyte proliferation after i.p. injections in
CS7BL/10 ScN mice, The ability of CMR vaccine to induce in vitro lymphocyte
proliferative responsiveness correlated with the protective efficacy of this
delipidated vgccine. Furthermore, deleterious tissue reactions and suppression of
mitogenic and antigenic lymphocyte responsiveness occurred when CHR vaccine was
reconstituted with CM extract (CME). This suggests that virulence factors of (.
burmetii fractionated into both the CME and the phase I CMR are required for
induction of the adverse reactions. Induction of immunoragulatory mechanisms to
function in pathologic and suppressor modes may be initiated by the composition of
the antigenic mass. Unique determinants present on phase I (. burmetii might induce
specific suppressor cells that regulate the activity of lymphocytes to mitogens and
antigens. No unique epitopes of (. burngtii have been identified which induce this
. immunological unresponsiveness. We have shown that components associated with phase
1 C. burnetii induce immunologic hyporesponsiveness and negative modulation of
lymphocytes to mitogens and -ecall satigens, These cowponents are easily separated
from phase I C. burnetii by chloroform-methanol extraction which yields an
efficacious CMR vaccine. The CMR vaccine contains many proteins and phase 1
lipopoly-saccharide (LPSI). Although LPSI is considered to be a major determinant
of virulence expression and infection, the presence of LPSI in CMR vaccine does not
induce the deleterious reactions and suppreseion of in vitro lymphocyte
proliferation. In & previous study, phase I WC vaccine, but not phase II WC
vaccine, induced pathologic reactions, including suppression of in vitro lymphocyte
proliferation, It appears, therefore, that some components of phase 1 ¢, burmetii
are important determinants of immunopathologic reactions; however, adverse reactions
cannot be sssigned solely to LPSI., The importance of LPSI in the development of
immunity has been verified in experimental animal models which require development
of antibody and cellular zesponses to LPSI for protection against phase I challenge.

Neither viable phase I . burmétii nor killed phase I WC vaccines are readily
cleared by tha host, and significant splenomegaly persists up to 35 days after
injection of mice. During this time, viable organisms or WC vaccine can be detected
in spleen impression smears, yet CMR vaccine antigen was cleared from the spleen.
Reconstitution of CMR vaccine with CME restored the refractory nature of the CMR
vaccine to that of the phase I WC vaccine. These results indicate that phase I CMR
vaccine contains suppression-inducing determinants while CME contains specific or
non-specific components. Studies were initiated to fractionate the CMR vaccine and
CME so that the interacting molecules could be purified and characterized as to
their immunogenicity and pathogenicity.

We were successful in the fractionation of the CMR vaccine into soluble
components which participate in the suppressive complex of (. burnetii. Although
many different chemical and enzymatic treatments were tested for the inactivation of
the biological activity of the suppressive complex, the extraction of CMR vaccine
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with DIT was the most effective treatment for the preparation of an aqueous soluble
component, The DTT-solubilized (DTT-S) componeats, whea lyophilized and
reconstituted with CME, were effective in eliciting the immunopathologic reactions
of the phase I WC vaccine., A component in the DTT-S fraction with a molecular size
of less than 3,500 daltons appears to be the active compound.

Mechanisms of Immunomodulation The mechanism through which phase I (. burmetii WC
vaccine suppresses in vitro lymphocyte proliferation is not known. Viability
studies of normal spleen cell cultures treated with 5 ug of WC vaccine per ml
suggest that reduced responsiveness was not attributable to overt toxicity, but
rather that the condition results from a more subtle or indirect action on the part
of the inducing agent. Several different mechanisms of immune suppression are known
to influence lymphocyte proliferation responses, Suppression due to thymus~derived
lymphocytes is well established. Pravious studies have shown that injection of WC
vaccine into mice results in proliferation in situ of a particular population of
lymphoid cells in the spleen. Although the identity of the spleen cells
proliferating in response to WC vaccine was not determined, it is posseible that the
cells could be assigned T-suppressor cell activity. Alternatively, the observed
respounse to WC vaccine may possibly result from modulation by macrophages.
Macrophages are known to play a key role in the regulation of lymphoeytic
proliferation and to mediate immunosuppression during numerous infectious

diseases. Previous studies have shown that phase I (. bumétii WC vaccine is
resdily phagocytized by macrophages and that this results in non-specific activation
of these cells. Preliminary experiments with prostaglandin eynthesis inhibitors,
macrophage toxins, cell-depletion techniques, and co-culture protocols suggest that
the suppression and negative regulation of mouse spleen cells by phase I WC vaccine
may be medisted by T~suppressor cells.

Recently we were successful in identifying splenic cell fractions which
participate in the suppression of lymphocyte proliferation after injection of WC
vaccine. Splenic lymphocytes from WC vaccine-injected mice were co-cultured with
normal lymphocytes so that the regulatory influeace of suppressed lymphocytes on the
normal lymphocytes could be measured in vitro. T-cells (both helper, T-H; and
suppressor, T-S) cultured with normal lymphocytes were effective in suppressing in
vitro proliferation of the normal cells to mitogens and antigens. The elimination
of theta-bearing cells (T-cells) to produce a B-cell fraction did not completely
inactivate the suppressor. 1In addition, nylon wool adherent ard non-adherent cells
effectively suppressed the in vitro response of normil lymphocytas. We also have
detected a soluble suppressor substance produced by lymphocytes from WC vaccine-
injected mice, which inhibits the proliferation of normal lymphocytes. Therefore,
the induction mechanisms appear to be antigen-specific, but the suppressor mechanisa
is non-specific and several cell types may be involved.

Genetics of Immunopathological Responses Previous studies have shown that i.p.
administration of phase I WC vaccine to C57BL/10 ScN mice results in gross
pathologic changes. We have subsequently shown that injection of phase I WC vaccine
caused a marked and persistent suppression of the in vitro lymphocyte proliferation
response of host spleen cells to both specific and non-specific stimuli., The
concurrent pathogenic and suppressive events suggested that the hepato-splenomegaly
and immunological unresponsiveness were linked., However, our current studies of the
immunologic status of BALB/c sublines and congenic strains after either phcae I C.
burnatii infection or vaccination with phase I WC vaccine have convincod us that
gross pathologic responses can be genetically unlinked from the immunologic
unresponsiveness. In che present study, we found that the BALB/c sublines and
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congenic strains were intermediately sensitive to (. burmeétii infection; spleens of
infected animals vere significantly enlarged, whereas those of vaccinated animals
only were slightly increased. The splenic lymphocytes from phase I WC vaccine-
injected mice were hyporesponsive to PWM, PHA, LPS-Ec, and recall antigens., The
observation that splenic lymphocytes were suppressed in the absence of splenomegaly
suggests that the BALB/c mice and congenic strains are able to distinguish between
C. burmetii{ virulence factors which induce splenomegaly.

These results indicate that BALB/c¢ sublines and congenic strains injected with
phase I WC vaccine differ from C3H/HeN, A/J, and C57BL/10 ScN mice in several
pathologic and functional activities of splenic lymphocytes: (i) splenic
lymphocytes from phase I WC vaccine-injected mice were not negatively regulated by
recall antigen and the response to ConA only was either depressed (BALB/cPt),
unchanged (BALB/cJ), or enhanced (CB-20, CAL-20); (ii) splenic lymphocytes from
phase I WC vaccine-injected mice, in contrast to saline-injected mice, required a
tenfold greater concentration of PHA for optimal stimulation. A similar shift in
PHA responsiveness of splenic lymphocytes was not observed for the C3H/HeN, A/J, or
C57BL/10 ScN mice. Whnile the ability of splenic lymphocytes from saline-injected
mice to respond to ConA and PHA was preserved within the BALB/c sublines, the
ability of CAL-20 splenic lymphocytes to respond to LPS-Ec was significaatly less
than CB-20 and the BALB/c sublines. Results of other studies show that the Igh
genotype influences the immuno~regulatory role of B~ and T-cells and their
products. In our studies, the generation of in vitro lymphocyte proliferative
responses to mitogens and specific antigens either before or after phase I WC

"vaccine injection also seem to be influenced by Igh genotype. Although we were able.

to discern patterus of lymphocyte responsiveness which were related to tha Igh
genotype, a definitive result was not obtained, ‘

Some investigators have uged incressed spleen indices as a measure of
sensitivity of mice after Mycobactar1um leprasmuriwn infection. Studies conducted
by others showed that Ity? mice (C57BL and BALB/c) responded with splenomegaly,
whereas Ity™ mice (DBA/2, CBA and C3H/HeN) showed no increases in spleen weight. In
our studies, ve were searching for an inbred mouse that does not develop
splenomegaly, but one in which lymphocyte responses are suppressed after injection
of phase I WC vaccine. The BALB/c sublines and congenic mice respond to C. burmetii
injection with hepato-splenomegaly and suppression, whereas phase I vaccine
injection produced suppression without hepato-splenomegaly. Thus, increased spleen
indices after infection or vaccination were not an adequate measure of pathologic
responses of the BALB/c sublines and congenic strains, These responses were nct
predictive correlates of immunologic unresponsiveness or sensitivity to infection.
These observations indicate that the Igh-controlled functional specificities tested
in this study may govern, at least in part, the in vivo development of
splenomegnly. The role of B~ and T-call specific responses of Igh alleles in gther
congenxc strains should be tested since the incidence of mortality of A/J (8~2¢ Igh-
1®) mice after infection correlated with lov interferon productionm and the Igh-1°
allele, We plan to test the BALB/c sublines and congenic strains which produce high
levels of interferon and carry the Igh-1% allele, :

The humoral and cellular arms of the immune response contribute either directly
or indirectly to the pathogenesis of a variety of intracellular parasites. Althongh
definitive studies have not beea performed to differentiate thea interaction of gene
products with the virulence factors of pathogens at the molecular level, several
studies have demonstrated that inbred mice respond to various parasites through
appareatly unpredictable mechanisms. For example, natural resistance of inbred mice
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to infections with Salmomaella typhimurium, Leétshmania donovani, Mycobacterium bovis,
and M. lépraemurium are closely linked to a& group of genes on mouse chromosovme 1,
Resistance of mice to infection by Rickettstia tsutsugamushi, by contrast, correlates
with a Ric gene on chromosome 5. In other diseases caus2d by Listeria
monocytogenes, Rickettsia akari, and (. burmetii correlation of susceptibility with
particular gene loci has aot been adequately studied for us to arrive st a firm
conclusion.

Immunomodulation in Humans Human infection with the rickettsia (. burnatii presents
as an acute, flu-like, primary Q fever; as a subacute graaulomatous hepatitis; or as
a chroanic endocarditis with hepatitis. To investigate whether persistent infection
is associated with a possible immunologic defect, Coriella-specific in vitro
lymphocyte proliferation was tested in peripheral blood monoauclear cells (PBMC)
from four North American patients with endocarditis, four patients with
granulomatous hepatitis, eight patients coavalescent from scute primary Q fever, and
ten seronegative controls. Despite having the highest serum phase I complement
fixation titers, all four endocarditis patients had profouad lymphocyte
unresponsiveness to Coxiella antigens, yet displayed normal proliferation to control
antigens, Hepatitis and primary Q fever were associated with vigorous respoases in
vitro to Coxiella antigens. Suppression of lymphocyte unresponsiveness was in part
mediated by an antigen-nonspecific, glass-adherent cell, The failure of T-cells and
18" (suppressor)-depleted cells to respond to Coziella antigens suggests additional
mechanisms of suppression are operative. We hypothesize that specific T-cell
unresponsiveness is an important factor in persistent infection with C. burmetiti,
and we offer in vitro lymphocyte stimulation as s more specific diagnostic test to
distinguish cases of endocarditis among those with chronic Q fever hapatitis.

In another study, the adherent suppressor cells were shown to work via
prostaglandin E, (PGEZ) production. Addition of the cyclooxygenase inhibitor,
indomethacin, to cultures of PBMC from patients with endocarditis or continuous
laboratory exposure resulted in consistent increases in Coziglla-specific lymphocyte
proliferation. The degree of increase in proliferation induced by indomethacin
correlated strongly with the amount of PGE, produced in a 4-h culture stimulated by
Coxialla antigen, but it also correlated with the sensitivity to inhibition of
mitogenesis by PGE,. The suppressor mechanism was antigen-noanspecific, since
induction of suppression in vitro by Cozxiella antigen also suppressed Candida-
induced proliferation when both antigens were present in the same culture. Addition
of indomethacin to these antigen co-cultures totally reversed the Coxtglla-iuduced
suppression, coanfirming that the nonspecific effector mechanism of suppression was
prostaglandin - mediated. Elicitation of suppression, however, was antigen~
specific, and involved a T-cell-monocyte suppressor circuit., Supernatants from
Coriella-stimulated immune T-cells and from the suppressor sabset (OKT8'-
enriched) of those T-cells, but not unstimulated immune cells, induced asugmented
PGE, production by unrelated nonimmune PBMC. We concluded that the lymphocyte
unresponsiveness characterizing patients with Q fever endocarditis is modulated in
part by an antigen-specific T. suppressor cell which secretes a lymphokine to
stimilate FGZ, production by adherent cells.

Characterization of lipopolysaccaride from several strains of Coxiella burmatii
Ultrastructures of LPSI and LPSII positively stained with uranyl formate or uranyl
acetate were ribbon-like., When negatively stained with uraayl acetate, LISI was
ribbon-like, while LPSII exhibited hexagonal lattice structures. However, LPSII
stained negatively with sodium phosphotungstate and ammonium molybdate exhibited
hexagonal lattice etructures that were not identical to those observed when LPSII
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was negatively stained with uranyl acetate. The hexagonal lattice structures formed
in vitro were due to the interactions of LPSII and the staining reagents rather than
to protein-LPS interactions., The differences in the ultrastructures of LPSI and
LPSII are undoubtedly based on variations in their chemical compositions.,

Phase T LPS from 9 Mile, Ohio, Henzerling, P, K, and Australian strains of (.
burmetii contained mannose, mannoheptose, unknown neutral sugars, glucosamine,
galactosaminuronic acid, compound X (galactosaminuronyl-glucosamine), KDO, and
phosphate. Phase II LPS from 9 Mile II and M44 strains contained mannose,
mannoheptose, glucosamine, KDO, and phosphate. The amounts of KDO and glucosamine
of C. burmetii LPS were lower than those found in Salmonella LPS. Also, O, burmetii
LPS contained low amounts of fatty acid. The fact that C . burmetii LPS contained
low or undetectable amounts of fatty acids completely differentistes this non-toxic
LPS from gram-negative bacterial LPS. Therefore, we speculate that ', burmatii LPS
is a new type of LPS. »

The LPS of virulent phase I C, burnetii{ contained a disaccharide which was
resistant to acid hydrolysis. Disaccharide, purified by ion-exchange column
chromatography, contained amino, carboxyl, and reducing groups. After N-
acetylation, reduction of carboxyl and reducing groups, and acid hydrolysis, the
compound exhibited two components (galactosamine and glucosaminitol)., After K-
acetylation and reduction of carboxyl groups and reducing groups, this compound co-
migrated with N, N-di-acetychitobiose on a paper chromatogram, was hydrolys«d
with a-N-acetyl-galactosaminidase, but was resistant to B-N-acetylhexosaminidase.
Smith degradation of this N-acetylated compound X showed that the linkage between
the two sugars was 1 to 6. Based on the data, the compound X was determined to be
galactosaminuronyl a (1T 6) glucosamine,

The LPS of 9 Mile I and Ohio strains consisted of seven components (between 10~
and 20K daltons, and high molecular weight broad bands. LPS of the Henzerling
strain contained three bands in addition to the bands of 9 Mile I LPS. The major
band from each of three strains was 14K, LPS of the P strain showed seven bands
(between 10K and 20K daltons). The electrophoretic pattern for the P strain was
markedly different from those of the other strains, and the major band of this LPS
vas 13K daltons., LPS of 9 Mile II and M44 was indicative of the rough (phase II)
profile and contained only one band at about 3K daltons. LPS of the K strain showed
a mixture of two LPS patterns which resembled the P and 9 Mile II. LPS of
Australian strain was composed of thres bands (3=, 12-, and 20K daltons). On the
basis of SDS-PAGE patterns, the 9 Mile II and the M44 LPS showed single low
molecular weight bands. The 9 Mile I, Ohio, and Henzerling strains contained no L?S
11. However, the K and Australian strains were mixtures of LPSI and LPSII. The P
strain contsined a small amount of LPSII in addition to LPSI,

Identification of €. burmetii antigens We have been studying a 29,5K-dalton,

protein-containing fraction that we determined to be antigenically significant, A
specific immune response was induced with the fraction in both mice and rabbits.
Spleens from the mice were used for fusions with myeloma cells; hybrids were
screened by ELISA techniques for production of antibodies reactive with the 29.3K
fraction. By using unconcentrated tissus culture supernatants, cloning by limiting
dilution has yielded 24 cell lines that secrete enough immuncglobulin to be found
reactive with the 29.5K protein. Using whole-cell phase I and phase II antigens, as
well as the 29.5K protein, to study the reactivity of these antibodies, we observed
the following patterns: (i) positive resctions with all three antigens, (ii)
positive only with 29.5K, and (iii) positive with 29.5K and phase II antigeas but
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negative with phase I. For class (i), the general pattern was high reactivity
toward 29.5K and phase 1I antigens and weak reactivity toward phase I antigen.
Determination of antibody heavy chain subclass has been done; antibodies of subclass
1gGl, 1gG2a, and IgM were obtained. This preliminary characterization has allowed
us to select eight cell lines for growth in ascites fluids and eventual ultimate
characterization of reactivity by techniques such a&s radioimmune precipitation and
immune blotting. The 29.5K fraction was subjected to the additional purification
step of preparative polyacrylamide gel electrophoresis, and a Coomassie blue-stained
band was injected into rabbits., The rabbit serum reactivity has not yet been
characterized,

It is important to know whether the nucleic acid heterogeneity, manifested by
restriction enzyme fragment-length differences, among various isolates of C.
burnetii is manifested in heterogeneity among the proteins. The proteins of (,
burmetii were extracted with sodium dodecyl gulfate (SDS), the charge effect of SDS
was counteracted by a zwitterionic detergent, and the proteins were separated with
isoelectric focusing on the basis of charge. The proteins were further separated on
the basis of molecular weight, providing a two-dimensional separation. Staining
wit!s amomoniacal silver yielded a pattern of approximately 200 spots that was
reproducible enough to permit comparison between strains. The result was one cf
great similarity between the patterns of different strains, A number of
differences, however, were observed: the IMIC7, 9MIIC4, K, and P strains were
identical by visual inspection, and contained two additional proteins when compared
to the Henzerling and M44 strains, More sensitive methods of snalysis undoubtedly
will show additional heterogeneity among the various strainas.

In another approach to examine possible strain differences, an attempt was made
to identify DNA-binding proteins. Proteins, separated by electrophoresis in
pg}yacrylamide gels and then transferred to aitrocellulose, were incubated with
[““P]DNA labelled by nick translation, and then washed extensively to remova unbound
DNA, FExamination by autoradiography showed the DNA had bound to proteins of
molecular weight 20K, 17K, 16K, and 15K from the 9MIC7 and 9MIIC4 strains., The M44
and Henzerling patterns were different in that they both exhibited more binding to
the 20K protein., The P strain was different in that only binding to the 17K protein
was observed., The method spplied was a general one to detect DNA binding proteins;
future work can use techniques that permit the identification of proteins that
exhibit specificity nf binding to defined sequences of nucleotides,
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BODY OF REPORT

PROJECT NO. 3M263763D807: Exploratory Developmeat of BW Vaccines/Drugs

WOBRK UNIT NO. 807-AC-013: Exploratory Development of Vaccines Against
Rift Valley Fever

PRINCIPAL INVESTIGATOR: C. J. Peters, COL. M.D,

ASSOCIATE INVESTIGATOR: M. Balady, CPT, Ph.D.

Background

Rift Valley fever virus (RVFV) is an important military pathogen in several
respects, It is widely distributed throughout the African coutinent south of the
Sahara and can naturally infect troops via the bite of infected mosquito vectors.
In 1977, this virus spread to Egypt for the first time and caused a2 massive
epizootic/epidemic, demonatrating its capacity to spread into virgin territory and
thus its potential for strategic use as a BW agent. PFinally, it causes aerosol
infections in those persons dealing with infected animal carcaases or laboratory
specimens, confirming formal aerosol studies that suggest we should be coancerned
that hostile nations might weaponize RVFV as a BW agent.

There is an existing formalin-inactivated vaccine produced by a technology
resembling that used for the Salk polio vaccine. This prototype immunocgean has
served well in protection of at-risk laboratory workers, but is impractical for
large scale use. The lots vary in potency; three injections are aneeded to immunize,
and production techniques are cumbersome. We have chosen this vaccine as a
benchmark of conventional technology and are systematically attempting to improve
this product. Two approaches are currently under study. In one, virus is
intensively mutagenized to decrease its pathogenetic potential and therefore create
an attenuated vaccine, An attempt will also be made to map some critical genomic
sites by selection of variants by using neutralizing monoclonal antibodies. The
second approach will utilize small peptides to mimic critical antigenic determinants
on RVFV and provide synthetic vaccines. This approach obviously depends on cloning,
sequencing, and monoclonal antibody analysis.

Summary:

Portions of the coding sequences for Rift Valley fever virus (RVFY)
glycoprotein genes have been inserted into vaccinia virua. This was used to infect
cultured cells, Subsequently, RVPV santigens wers found on the cell surface, a
phenomenon not observed with parental RVFV virus. Vaccinia hybrid viruses also
induced RVFV-specific, cytotoxic T cells in infected mice. In order to examine the
variability and significance of different RVFV epitopes, variants were selected by
using four neutralizing antibodies specific for the G2 protein. Resistant mutancs
were found that had widely varying patterns of stability, virulence, and
antigenicity. RVFV M segment RNA has been molecularly cloned. This and related DNA
clones have been inserted into vaccinia to produce RVFV antigea expression,
neutralizing antibody production, and protection of mice from virulent RVFYV
challenge.,
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Progress:

Vaccine development in the next few years may change remarkably, but the exact
form these changes will take is not clear, Studies described here are directed
toward understanding the principles underlying success or failure of such
technologically advanced approaches utilizing vaccinia as a gene vector and
monoclonal antibodies to probe antigenic structure of the pertinent genes. In both
series of studies, RVFV has been used as the test organism,

Portions of the coding sequences of RVFV glycoprotein genes have been inserted
into vaccinia virus and this construct used to infect cultured cells. RVFV antigens
were detected on the cell surface, a phenomenon not observed with parental RVFV
virus. Vaccinia~-RVFV hybrid viruses also induced RVFV-gpecific, cytotoxic T cells
in iafected mice. In order to examine the variability and significance of different
RVF epitopes, variants were selected by using four neutralizing monoclonal
antibggies spggific for the G2 protein. Resistant mutants were found at a frequeacy
of 107" to 107" and had widely varying patterans of stability, viruleance, and
antigenicity.

RVFV M segment RNA has been molecularly cloned and used in several previously
reported studies. This and related DNA clones have been inserted into the vaccinia
virus genome with the appropriate molecular machinery to produce RVFV antigen
expression, neutralizing antibody production, and protection of mice from viruleat
RVFV challenge. These studies analyze the nature of antigen expression and the
quality of the immune response following infection with these vaccinia viruses
bearing RVFV genes. The 2ZHS501l RVFV strain, the gene donor for molecular cloning,
was used as the prototype virulent virus. For convenience, parental vaccinia virus
is referred to as VAX I and constructs with varying lengths of RVFV in segment RNA
are desgignated VAX-5 (Table 1). An unusual RVFV isolate attenuated for adult mice
(Tunyo viruas) was also studied.

RVFV and other Phleboviruses have never convincingly been shown to induce cell-
surface antigens. Vaccinia-bearing RVFV genes infected several cell types and
resulted in expression of such antigens as detected by fluorescence (Table 1.) The
presence of these antigens as integral membrane proteins was confirmed by
demonstrating their ability to mediate lysis in the presence of complement (¢)
(Table 2), Surprisingly, Tunyo virus infection led to significant cell-surface
antigen expression, as well. These results are of both theoretical and practical
importance in other systems, Cell-surface antigen expression is of critical
importance in triggering T cell subsets mediating delayed type hypersensitivity and
cytotoxicity. Prom a "auts-and-bolts" perspective, lack of cells bearing virus-
specific antigens has precluded a number of experimentsl studies to delineate the
role of these and other mechanisms in the immunobiology of Rift Valley fever.
Finding RVFV glycoproteins in cell membranes will lead to a broader evaluation of
the factors regulating this phenomenon and a search for its occurrence in other
cell-virus combinations.

Initial steps to demonstrate RVFV-specific cytotoxic¢ lymphocytes in (CTL)
infected mice have been successful, Highly active, H2-restricted CTL have been
. detected, particularly in draining lymph nodes from foot-pad inoculated animals,
Tunyo and VAX2-5 have induced CTL (Table 3). By comparison, mice infected with
unaltered vaccinia or injected with inactivated RVFV vaccine do not demonstrate
significant CTL activity, Clearly, additional studies are required to define the
phencmenon in more detail, but these results suggest that previous concepts of
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phlebovirus glycoprotein metabolism must be extended, that vaccinia-RVFV hybrids can
induce expression of important antigens on the surface of infected cells, and that
CTL responses do occur in mice infected with such viruses as well as selected RVFY

strains.

It seems likely that tomorrow's vaccines will be produced from selected pieces
of the genomes of viral pathogens, by using vaccinia and other vectors multiplying
in the host or introducing non-replicating immunogens. In any case, it will be
necessary to understand the role of individual antigenic epitopes in pathogenesis,
including their protective capacity, their variation, and the significance of their
variation in the biology of the virus. To approach these questions, wea uced
monoclonal antibodies (MAB) to select variants of RVFV and studied the properties of
these rural variants. Four MAB produced against the Eantebbe strain and reacting
with the G2 glyco-protein were employed. The frequency of non-neutralizable vggi-
ants present in ZH501, Entebbe, or Smithburn setrain virus pools was 10 ~ to 10 7,
About 1/3 of the 68 variants studied were stable when passaged in the absence of
selecting antibody. Several variants with diminished lethality for adult mice were
obtained from viruleat pareats such as ZH501 or Entebbe, but virulent strains were
not noted among the variants from the avirulent Smithburn virus pool. These studias
require extension tu larger numbers of derived viruses.

The majority of the variant viruses studied were derived from & cloned Z8501
pool. When they were examined in detail with additional monoclonal and polyclonal
antisera, several variants were neutralized less readily. Comparison within the
group suggested that there were three distinct epitopes interacting in this systenm,

The analysis of interactions between highly specific -MAB and RVFV clearly
should be extended to the T-cell level, but data summarized in this annual report
have egtablished the necessity for understanding more about the fine structure of
viral antigens, their interaction with the immune system, and the significance of
selective epitopic alteration on flu virus,

PRESERTATIONS: \None

PUBLICATIONS: None
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Table 1. Surface fluorescence

2 of Cells Positive for RVF Antigen

Virus 3train Cell Type
1929 m - op8Ls
LUNYO 322 362 22
- ZH~501 52 oz 42
VAX 1 (WT) 0z (17 4 0z
VAX 2 42 22 12
VAX 3 7% 42 : 22
VAX 4 2-32 11z - 12
VAX 5 852 282 12

Cells were infected with virus at MOI=1,00 for 16 h, fixed with 0.05%
glutaraldehyde, and processed for antigen by counting 300 cells per sample and
calculating the Z positive., VAX 1 = wild type vaccinia, New York Health Dept
strain; VAX 2, 3, and 5 represent vaccinia viruses with inserts of the M segment of
varying lengths of RVFV: and the VAX 4 represents a vaccinia containing the gene
for the G2 glycoprotein of RVFV.
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Complement-mediated lysis?®
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Jirus
LUNYO
VAX }
VAX 2
VAX 3
VAX 4

VAX 5

X Specific lyaiab

292
02
132
92
82
282

4 1,929 cells infected for 18 h, MOI 5.00.

b ¢* 1:40 dilution; antibody at 1:10 dilution.
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Table 3. CTL assay spleen cell assay?

% Specific lysis of L929 infected cells 5lge-1abeled

DAYS POST INOCULATION OF VIRUS

VIRUS 1 4 L L 2 /
LUNYO 52 112 14% 7% k4 .

VAX 1 1z 32 0% oz 0%

VAX 2 7% 132 112 02 0%

VAX 3 82 7% 132 7% e

VAX 4 6% 122 112 62 5%

VAX 5 ' 142 132 23% 6% »”

INACTIVATED VACCINE 0% (174 42 (%4 %

33pontaneous reicase was 20% for these experiments; E:T ratio was 50:1. .upleen
cells were treated toc remove RBC prior to 4 h CTL assay on 16~h infected tzirzets,
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Background:

Drug screening efforts at USAMRIID have identified a number of compounds with
broad-spectrum antiviral activity against "exotic" RNA viruses. Among these, the
nucleoside analogue, ribavirin, has been found to be especially active against a
number of debilitating and lethal viruses (1). Ribavirin has also been evaluated
most extengively in experimental animals and man. It has been found to be effective
against Rift Valley fever, Lassa fever, and the hemorrhagic phase of Machupo virus
infections of monkeys. The research program addresses the continued evaluation of
ribavirin and its application as a broad-spectrum antiviral agent. For example,
studies have beeu conducted to evaluate ribavirin therapy against Junin virus
infection in non-human primate.

Work on further development of immunomodulators has continued., The interferon
inducer, poly(ICLC), has been evaluated further to determine the optimal
prophylactic and therapeutic schedule which could be used for human use. Similarly,
the availability of recombinant ianterferon alpha A and gamma has, for the first
time, made the use of interferon in the treatment of viral disesses a practical
possibility. Hence, studies normally required prior to use of drugs in man were
initiated. The first series of experiments evaluated the pharmacokinetic parameters
in monkeys for human recombinant slpha and gamma interferons, as well as serum
chemistry levels, after use of the interfercns given alone or ia combination. These
parameters must be eatablished to determine the optimal dosage levels for the
treatment of infectious agents of interest in monkeys and before any Investigational
New Drug (IND) permit could be granted for the use, on an experimental basis, of
alpha and gamma combinations in human patients.

Summary:

Mice were used to determine the optimal treatment regimes with the
immonomodulator poly(ICLC)., For prophylactic treatment, three 1l-g doses over 12
days were found to be effective against Rift Valley fever virus infection. For
therapeutic application, three 20-g doses were required., Combination therapy with
ribavirin and poly(ICLC) was highly efficacious. Protection was afforded with very
low, nontoxic doses of these drugs when administered as late as 48 h after
infection. Pharmacokinetic studies with human recombinant interferoas in uninfected
African green monkeys with interferon (IFN) alpha alone, IFN gamma, and both-
combined showed that serum levels that may be effective could be achieved without
measursble side effects such as pyrexia, anorexia, or serum chemistry changes,
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Ribavirin Therapy of Junin Infection in Primates. Argentine hemorrhagic fever (AHF)

is a debilitating and often fatal human disease caused by Junin virus. In man, a
spectrum of clinical illness is seen that ranges from a wild, flu-like affliction to
fulminant disease and death in 15 to 302 of untreated individuals (2), Following a
7- to l4-day incubation period, disease is characterized by fever, headache, loss of
appetite, muscle aches, back and abdominal pain, dizziness, constipation, and
diarrhea; accompanied by 7lushing of the face and chest, redness of the eyes, and
congestion with bleeding of the gums (3). Leukopenia and thrombocytopenia are
important hematologic accompaniments of disease, and alpha-interferon levels
typically are very high (6). Improvement will begin in most patients during the
second week, while those with more severe disease will evolve & predominantly
hemorrhagic, neurologic, or mixed hemorrhagic/neurologic with shock syndrome which
frequently leads to death (3). In most years, 200 to 400 cases are observed within
the endemic region. However, for reasons which remain obscure, periodic large
epidemics occur, involving thousands of individuals in this region.

While mortality in untreated AHF is high, successful therapy for the disease
recently has been achieved through use of human AHF immune plasma. Although
effective in preventing desth during the acute stages of illaess, the utility of
immune plasma therapy is limited to patients whose disease has progressed no further
than 8 days following symptom onset.

As a result of these studies, individuals whose disease is > 8 days in durationm
are currently treated only supportively, and suffer a risk of death equal to that of
patients with shorter duration disease and who are not receiving specific
izmmunotherapy.

Ribavirin has been efficacious against Junin virus in the guinea pig model (1),
and previous studies with the closely related virus, Machupo, in primates have
demonstrated prevention of the hemorrhagic component. Discussions of potential
ribavirin therapy for the human disease led to the realization that considerable
gaps existed in our knowledge of ribavirin therapy. A primate, ribavirin, efficacy
study was undertaken by using the nawly developed Junin model with rhesus macaques
that closely mimic the AHF clinical syndrome seen in maa., Prophylactic as well as
therapeutic studies of ribavirin in Junin virus infection of thezua macaques were
undertaken, Shamtreated cnntrol animals infected with about 10" PFU of the highly
lethsl Espindola strain of Junin virus showed 100X mortality with a classical
hemorrhagic diathesis during the third and fourth weeks, AHF infection caused
severe weight loss (25%), Treatment was given, prophylactically or therapeutically,
after the onset of clinical signs, on day six postinfection. The study involved
characterization of the disease course under P-4 conditions.

1 _?hesun moukeys were ad inig ered ribavirin on a ptophyl:ftic_rchedule (60 mgkg~
sﬂﬁzconsgizﬁa?‘lﬁﬁ %21T§§zcod3Zvelggtv2§2mg:yg% g?igi121m§;5n5d3¥ il g:u}} diga)
anims}s rgfeiving ribavirin therapeutically (60 mgkg ~"day ' for 1.5 days, then 15
mgkg “day - for 14 days), viremia was detected up until the time of drug
administration, then disappeared for the duration of observations. Clinical asigns
resolved over a two-week period, and animals showed oaly a 152 weight loss. As
occurred in Machupo-treated animals, hcwever, a late onset neurological syndroume
appeared in all animals, and was fatal in two of three with the third recovering
fully. Thus, ribavirin was successful in treating systemic, but not central nervous
system components of the disease, when therapy was initiated after onset of clinical
signs; prophylactic treatment prevented clinical disease completely.
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Discussions with Dr. Julio Maiztegui of the Instituto Nacional de Estudios
Sobre Virosis Hemorragicas, Pergamino, Argeatina, the national treatment center for
Argentine hemorrhagic fever, led to the initiation of a ribavirin clinical trial
based on the evidence accumulated during these and othear studies.

Antiviral Activity of immunomodulators. A daily dose of 20 yug/mouse of
poly(ICLC) for 10 to 12 days was used in early prophylactic and therapeutic efficacy
studies. Although this dose is not toxic to mice regarding weight loss, loss of
vigor, and death, it is known to cause toxic complications in humans., Hence, an
efficacious schedule which would not cause toxicity to man must be determined. A
study to find the most optimal prophylactic and/or therapeutic schedule for a single
or double dosage regimen of poly(ICLC) which would give maximum protection against a
virus challenge would require 36 exper1menta1 groups and many more if a three-
injection regimen was needed,

One approach to selecting the best treatment schedule is ranking of treatment
efficacy by using the Cox model (4), which expresses the efficacy in the form of
relative risk of death in comparison to a standard day-0 treatment. This approach
assumes the existence of a linear response between the timing interval of a single
drug dose with respect to challenge. With the Cox model approach, an optizum
treatment schedule can be determined with ss few as 18 experimental groups,
receiving either one or two doses, and as few as 24 groups, if a number of
preselected triple-dosage groups are included. :

The relative risk of death is calculated with the equation:

H(T,Z) =A(T) exp (BZ) where

T = time

Z = indicator variable for "regimen"

H(T,2) = hazard (instantaneous rate of death) at time "T" for an animal in
regimen "2"

AT = underlying hazard function for standard regimea (Z=0)

B = regression coefficient for regimen "2"

The factor exponent (82) is the incremental relative risk of death (relative to the
staadard defined to Z=0 [in our case, treatment and challenge at day 0]). A test of
g=0 tests whether the incremental relative risk is significantly different from day
0 standard treatment.

The ranking creates three categories. These are treatment schedules with
efficacies which are inferior, equal, or better than the standard (day 0)
treatment, Specifically, the respective relative risk of death associated with
these categories is either significantly higher (p<0.05), indistiguishable, or
significantly lower (p<0.05) compared to day-0 treatment. By this approach, the
treatment schedile of choice was found to be a three-injection regimen given on days
-4, 1, and 6, This schedule was selected because it provides the longest interval
between injec:ions while retaining maximum afficacy (90%). The regimen whereby
poly(ICLC) is given on days ~! and +l1 was no: selected, although it gives greater
effxcncy because the proxxmxty of the two doses enhances the probabxlxty that
toxicity could be manifested in man.
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Pharmacokinetics following simultaneous single dose administratioa of
recombinant interferon alpha A and gamma to African green monkeys. Three African

gtgen monkeys received one dose of 0.1 mg/kg gamma interferon and one week later by
107 ug/kg alpha ianrferon, followed one month later by five daily doses of 0,!
mg/kg gamma plus 10° pg/kg gamma. Serum gsamples were taken 0.5, 1, 2, 3, 4, 6, 8,
10, 12, and 24 h after cach single interferon dose and on day 1 and 5 of the
combination treatment., All interferon was administered i.m. Three additional
African green monkeys received the same regimen with interferon alpha alone first,
followed by intarferon gamms alone, and 5 days of combination therapy as described
sbove. There were no significant blood chemistry or urinalysis changes attributed
to interferon therapy. The average peak levels of interferon schieved and the time
after injection of peak concentration are given in table 1,

The data are being analyzed further to see if apparent accumulation during the
combination therapy is statistically significant.

The combination therapy provides serum levels of interferon that should be
effective without causing any significant perturbation in clinical chemistry or
pyrexia (5). Infected snimals will be treated with alpha and gamma combinations to
test for efficacy.

7. Intrathecal administration of ribavirin and other aativirals. Ribavirin
was administered intrathecally (i.t.) to monkeys at the following dosages daily for
5 days: 0.05 mg/kg, 0.5 wg/kg, 2.0 mg/kg, 5.0 wg/kg, and 25 mwg/kg. All monkeys
experienced a mild, reversible anemia that can be attributed solely to the number of
blood samples taken, since the same anemia was present in the control monkey treated
i.t. with Hank's Balanced Salt Solution (HBSS). Monkeys treated with 0,05 and 0.5
mg/kg showed no ill effects of trestment. Monkeys treated with 2.0 and 5.0 mg/kg
showed a reversible depresgsion of appetite on days 2, 3, 4, and 5 of treatment. One
dose of 25 mg/kg ribavirin proved fatal, Serial serum and CSF samples are being
processed by high performance liquid chromatography to determine i.t. treatment
pharmacokinetics. Two monkeys received 3 mg/kg i.t. ribaviria triacetate under the
gsame treatment schedule with no contraindications,
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Table 1. Average responses of three monkeys receiving alpha interferon alone, then
5 days of combination therapy

Treatment Alpha ug/ml Peak Time After Gamma Peak Time After
Concentration Injection Iajection
(min) (min)
alpha 480 240 0 -
gamma 0 - 5.2 360
alpha + gamma 480 360 6.5 360 .
day 1
alpha + gamma 780 480 12,2 30
day 5
gamma - - 25,0 360
alpha 850 360 - -
alpha + gamma 1700 480 15.0 360
day 1
alpha + gamma 1400 180 16.0 30
day 5
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Table 2. Incrementsal relative risk of death with 20 ;g Poly(ICLC) regimens vs.
standard (day 0) treatment of Rift Valley fever virus-infected, Swiss Webster Mice
(N=10)

NO. OF RELATIVE RISK
TREATMENT ON DAY (S) SURVIVORS OF DEATH P VALUR
+3 0 38.07 < 0.05"
+2 0 21,19
-5 0 7.81
A 0 6.42
"'3 0 4096
=S 25 1 4.47
-4 1 4,33
-3 +3 0 4,12
-2 1 2.69
+1 1 2,39 > 0.05™*
-2 +3 2 1.35
-3 +1 2 1.14
-2 +2 3 1.05
0 (STANDARD 3 1.00
TREATMENT)
-1 4 0.92
-1 +6 +11 7 - 0.39
-1 +% 8 0.36
-2 +2 4 8 0.22
0 +4 8 0.21 < 0.0
-3 +1 45 8 0.21
1343 9 0.11
~4 +]1 +6 9 0.11
0 +4 +7 9 0.10
-1 +1 10 UNDEFINED

P<0.05*- More animals at risk than with standard treatment.
¥ i . .
P>0.05 "= Indistinguishable.
P<0.05***' Less animals at risk,
»Significantly less at risk,

Challenge dose: 250 PFU,
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PROJECT NO. IM263763D807: Exploratory Developmeat of BW Vaccines/Drugs

WORK UNIT NO. 807-AE-015: Exploratory Development of Therapeutic and Prophylactic
Regimens in Man

PRINCIPAL INVESTIGATOR: J.B. Hammoad, M.D., COL, MC

ASSOCIATE INVESTIGATORS: None

Background:

Special Immunizations Program: In 1981, the Department of Occupational Medicine was
formed within the Medical Division to provide a formal and closely supervised
approach to managing the USAMRIID Special Immunizations Program. A physician was
placed in charge. The purpose of this program is to administer both investigational
and licensed vaccines to personnel ac risk of exposure to selected infectious agents
and to monitor the serological responses,

Maximum Containment Facilities: The Medical Division maximum containment
facilities, consisting of both stationary and aeromedical units, provide the
capability for care and transport of patients exposed to highly infectious or toxiec
agents. The need for these facilities arises from the mandate to support the
overall USAMRIID research effort by providing patient care to personnel presumed to
have been exposed, or known to have been exposed, to such agents. The facilities
provide a unique national resource, in that a soldier, a researcher, or any
designated individual with exposure to highly infectious or toxic agents can be
transported under maximum coatainment conditions to USAMRIID from virtually any site
worldwide and cared for under the same conditions,

Summary:

Special Immunizations Program: The objectives set in the last four years for the
Special Immunizations Programs have bean to bring organization to the day-to-day
operations of the Program (utilizing computer techniques); to coatinue verification
of immunization requirements through communication with division chiefs; to improve
the timeliness of initial and booster vaccinations; to analyze responses to
vaccines; to improve the quality of annual reporting to the Food and Drug
Administration (FDA); to provide better educational services to Port Detrick
Facilities Engineering persornel enrolled in the Program; to ensure that data
collected via vaccine safety and efficacy trials are added to the vaccine database;
and to develop computerized profiles on USAMRIID personnel, incorporating
vaccination and medical surveillance data.

Maximum Containment Facilities: Clinical Research Ward personnel asscciated with
the ward maximum coatainment facilities are given a formalized quarterly course of
orientation and instruction. The objectives are twofold: orientation of newly
assigned personnel in an eanvironment of rapid turnover, and periodic review for
other personnel to ensure continued readiness.

Physicians from the WRAMC Infectious Disease Service, Department of Surgery,
and intensive care units are scheduled to begin participation in the quarterly

training sessions on the care of patients under high containment conditions.
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The members of the Aeromedical Isolation Team participate in bi-monthly in-
house training to maintain skills for transport and care of patients under high
contsinmeat conditiona. Joint cross-country in-flight training exercises are
coordinsted between the team and the 167th West Virginia Air National Guard.

Progress:

Special Immunizations Program: Utilizing computer programs, efforts to improve the
quality of FDA reports have led to preliminary analysis of vaccine responses to
selected vaccines, Extensive gnalysis awaits the assurance that all data in the
database are correct, This verification step is presently near completion.

The special immunizations nurse now enters vaccine data in the computer rhe day
they are generated and computer entries are verified weekly. This ensures that data
are always current and facilitates generation of immunization profiles. Ver-
ification of couputer data collected over the past decade with hand-written records
has also besn completed and ensures that computer immunization histories are
correct, Steps are now being taken to ensure that vaccination data generated by
various protocols conducted in the past are complete and in the computer, The
important goal of eliminating the backlog in annual reports on vaccine IND's to the
FDA haa been accomplished.

Maximum Containment Facilities: The Clinical Research Ward Righ Contaiument Unit
was utilized in May to prc—ide evaluation and patient care to & USAMRIID worker
involved in a laboratory accident. The worker was suspected of having been exposed
to Junin virus., Patient care was provided over five days by the Clinical Research
Ward staff., The worker was released after investigation of the accident led to the
conclusion that there was low risk of actual exposure to Junin virus.

PUBLICATION3: None

PRESENTATIOHS: None
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Background:

Studies have continued on the development of an attenuated Argeutine
hemorrhagic fever (AHF) vaccine. Junin virus (JV), a member of the arenavirus
family, causes an acute, severe, and moderately lethal disease (ca. 152 of cases).
Studies oun vaccine development for this dxseale are clearly beneficial to the US
Army for several reasons, vi3: a) the vaccine thus developed may be used to
immunize US troops and/or at-risk personnel; b) only very limited vaccine
experience is available with any srenavirus (Junin, Cloane 3, 1970), and, sioce no
other agency or commercial firms have initiated such studies, we are thus compelled
to do so simply to protect our Army personnel, regardless of how they may become
exposed; c) ve desperately need to gain experience with arenavirus vaccine
development in general, since other related viruses that cause hemorrhagic fevers
have been described in Bolivia (BHF) and Africa (Lassa); and, d) the active presence
of other, but nonpathogenic, arenaviruses in the USA, Trinidad, Colombia, Brazil,
and Paraguay herald the possibility that still wmore unknown arenavirus-caused
hemorrhagic fever outbreaks may emerge in the immediate future, a possibility for
which we can be prepared by virtue of studies such as this one.

As previously described (1), three final candidates were selected for further
evaluation as vaccine candidates. All three were more attenusated than even the
Argentinian Clone 3 vaccine, when tested in ll- to 12-day-old mice, adult guinea
pigs, and baby guinea pigs, (all i.c.). Also, they were all shown to be genetically
stable during multiple cell culture passage. One of them, Candid #1, also
demonstrated little or no neurovirulence when tested in guinea pigs (1). This
virus, Candid #1, was taken to final product in 1982 (2), by methods approved for
Biologics (3), and under GLP Regulations (4),

In-process testing required by the FDA was initiated in 1982 and with the
exception of final contasiner tests, was completed in 1983 (5)., During the present
reporting period, studies initiated in FY 84 (6) were continued on the development
of an optimal freeze-drying mensiruum., Additional studies in FY 84 (6) included a
long-term (7-1/2 mouth) evaluation of Candid #1 in rhesus monkeys; this demonstrated
that the new Junin vaccine elicited only minimal lesions in the CNS of 50X of test
animals, The study further showed that no active necrosis of neurons or
neurological cells occurred in these animals. Even fewer monkeys (ca. 171) showed
any minor visceral lesions that might be vaccine-associated. Significantly, no
virus was isolated from the CNS, aspleen, lymph nodes, liver, pancreas, lung, kidney,
or brown fat of thase monkeys.
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Summary:

A 7-1/2-month study in rhesus monkeys given Candid #1, live, attenuated Junin
virus vaccine (see AR FY84) revealed no virus in the CNS or viscera of vaccinated
animals, as determined by co-cultivation. However, histological examination showed
minimal CNS lesions without neuronal involvement in 6 of 12 monkeys studied. To
disprove any possibility of bias in describing these lesions, similar sections were
obtained from the same tissue blocks and examined in a "blind" study by two
indapendent pathologists. Again, minimal lesions were found by both examiners;
however, lesions were described in both control and vaccinated monkeys, The two
pathologists reported varied results on the extent of the affected regions.

The vaccine study was repested in a new group of juvenile (l-to-2-year-old)
monkeys to permit evaluation of neurological tissues at earlier and later periods
post-inoculation. Junin vaccine virus was recovered from the spleen of one monkey
and the liver of another that were killed 2 weeks after inoculation, although no
viral antigen was detectable in those organs by the fluorescent antibody (FA)
techaique. Other organs of these two animals, as well as all the organs of those
animals killed 4 and 8 weeks after vaccination, were negative for virus, even though
all vaccinated animals serocoaverted to Junin virus. "Blind" histologic examination
of rhesus that were killed 2, 4, and 8 weeks after vaccination, again revealed
minimal CNS lesions without neuronal involvement in vaccinated (11/12) and control
(5/6) rhesus. Although differences between vaccinated and control animals vere
minimal and not statistically significant, there was s suggestion of a Candid #1
virus~related increase in basal CNS lasions.

Because neither infectious virus nor virus antigen was found in the CNS of
vaccinated rhesus, we cannot ascertsin whether the minimal lesions are related to
the presence of Junin virus in the CNS; if they enhanced pre-existing lesions; or if
these lesions were related to the age of the rhesus.

Continued effortas to develop an optimal freeze-drying menstruum for the Candid
#1 vaccine have resulted in a nominally acceptable combination that will be used for
the first small-scale lots. Work will continue in & joint USAMRIID/Salk Institute
venture to formulate the optimal menstruum,

Progress:

Additional CNS sections from rhesus given Candid #1 vaccine (6) in the previous
long-term study were prepared by cutting blocks 100 um deeper than the one examined
in FY84, The sections then were examined in a blind study by two pathologists
(G,B), Tazble 1 is a summary of the results obtained in the current study and in the
previous CNS examination by pathologist G. Minimal CNS lesiona without neuronal
involvement were described by both pathologists in vaccinated and control rhesus.
Pathologist G described lesions in two out of five control monkeys (in 0/6 controls
in FY 84), in four out of six moankeys given vaccine diluted 1/10 (in 4/6 in FY 84)
and in four out of six given undiluted vaccine (2/6 in FY 84), Pathologist H
described lesions in four out of five control animals, in three out of six animals
given vaccine diluted 1/10, and in five out of six animals given undiluted
vaccine, Thus, in relation to the number of rhesus with CNS lesions, neither
pathologist found statistically significant differences between control and
vaccinsted animals. Moreover, pathologist H described equal numbers of CNS regions
affected in control and vaccinated animals and consequently the corresponding
neurovirulence scores were virtually the same for control rhesus (score: 1,2), for
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rhesus given 4 x 104 PFU of vaccine (score: 1.2), and for rhesus given 4 x 10S PFU
of vaccine (score 1.,0). Pathologist G,ahowever, described twice as many affected
CNS regions in animals receiving 4 x 10" PFU of vaccine thag in controls and three
times more affected CNS regions in animals receiviag 4 x 10° PFU of vaccine than in
controls, with corresponding neurovirulence scores of 0.6, 1.2, and 1.7
respectively. (See Table 1),

A complementary study was conducted to try to ascertain whether the minimal CNS
lesions reported in the previous (FY 84) study represented the early stages of late
occurring lesions or were the terminal stages of earlier, transient lesions.
Eighteen captive-bred rhesus monkeys, 1- to 2- yelEl-of age, were randomized into
two groups. Group ! (12 rhesus) received 2.6 x 10° PFU of Candid #1, i.m., in 0.5
ml (the dose that was associated with more minimal CNS lesions upon first
examination of sections in the FY 84 study). Group II (6 monkeys) received 0.5 ml
of saline, i.m. The snimals ware observed daily for neurological signs of
disease: head tilt; sagging and/or drooping eyelid, lip, cheek; circling in cage;
head pressing; ataxia; muscle tremors and/or fasciculation; wmuscle atrophy;
paralysis; nistagmis; strabismus; myosis; mydriasis; anisocoria; personality change
(more or less aggressive); uncoasciousness; and general clinical signs of disease.
Neutralization tests against Junin virus were carried out with paired serum samples
of the animals to demonstrate lack of Junmin virus infection ian controls and
successful virus infection of the vaccinated rhesus. Two vaccinated and one control
rhesus were killed 2 weeks after inoculation; five vaccinated and two controls were
killed 4 weeks after inoculation; five vaccinated and three c¢ontrols were killed 8
weeks after inoculation; and five vaccinated and three controls will be killed 51
weeks sfter vaccination. The killed animals were examined for virus by co-
cultivation of spleen, liver, lymph node, salivary gland, frontal cortex, temporal
cortex, occipital cortex, thalamus, pons, medulla, cerebellum, and lumbar spinal
cord and for Junin virus antigen by direct immunofluorescence of the previously
described organs.

Gross and histologic examination of killed monkeys was carried out in a "blind"
fashion (the identity of control and vaccinated animals was not known by the
pathologist until after preparation of draft reports on all of the animals), Daily
observation of the animals revealed: restlessness in two control rhesus (similarly
the animal observers did not know the identity of control and vaccinated animsls);
loss of hair (scabies) in two control and two vaccinated animals; diarrhea in two
vaccinated monkeys (some animals had been infected with PTrichiuri toichiurg before
the initiation of the study). No signs attributable to CNS problems were observed
in vaccinated rhesus. That all Candid #1 vaccine-inoculated rhesus seroconverted to
Junin virus is shown in Table 2, No Junin virus antigen was detected in any of the
organs of the animals that were killed 2, 4, and 8 weeks after inoculation, although
Junin virus was cocultivated from liver of 1 of 2 and spleen of 1 of 2 rhesus killed
on the second post-inoculation week, Co-cultivation of the other organs of the two
vaccinated monkeys that were killed 2 weeks after inoculstion and of all the organs
of the animals killed on post-vaccination weeks 4 snd 8 gave ncgative reaults,
"Blind" histologic examination of the animals revealed background CHS lesicuns in §
of 6 controls (Table 3); 7 of 12 vaccinated rhesus also showed CNS lesions within
background limits; 3 of 12 vaccinated rhesus showed lesions in 3 of the 16 CNS
regions examined and were considered suspicious but inconclusive evidence of
neurotropism by the pathologist. He indicated that one rhesus killed 4 weeks post-
inoculation (rhesus 2R9) had lesions in 8 different regions of the nervous system.
These lesions were distributed in & similar pattern to that observed as a rasult of
virulent Junin virus infection. All eight lesions in this rhesus were considered
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minimal; no degenerate or necrotic neurons were observed in the nervous systems of
this rhesus. The pathologist clearly indicated in the final report that no neuronal
changes were gseen in any principal or control animal in the study and that he
suspects that the candidate vaccine retains some very minimal neurotropism, but that
in the sbsence of neuronal changes in all animals, the histologic lesions are
unlikely to have any clinical significance. Five vaccinated rhesus and three
controls will be killed and studied approximately 1 year after inoculation.

Efforts to improve the stabilizer for the dry Candid #1 vaccine continued in FY

85 in cooperation with The Salk Institute~Government Services Division, Swiftwater,

PA.

Thirty-one trial products, obtained in nine drying cycles, were assayed for

virus recovery from the dry product and temperature stability of the dry and
reconstituted product. Summarized in Tables 4, 5, 6, 7, and 8 are the comparative
effects of different components on drying and stability of Junin Candid #1 virus.
After a careful review of all the data relative to titer loss during freeze-drying,
total loss, loss after reconstitution, and loss in dry form at 35°C in addition to
osmolarity, an interim stabilizer was selected, The chosen stabilizer, containing
human serum albumin, sorbitol, sodium glutamate, and degraded gelatin in the right
concentration to obtain a physiologic osmolarity after recoanstitution and & pH of
7.0 to 7.1, was selected for the present batch of the Candid #1 vaccine because it
‘bad produced the highest perceatages of virus recovery ia the dry product. This
stabilizer has also given reproducible results in several drying trials, including

one

in which a semi-mass scale operation was mounted, and has maintained acceptable

titers at =-20°C for almost 1l year (1 month = 76 recovery; 16 months = 38-43%; 20
months = 36%), Neither the chosen stabilizer, nor the almost 100 other stabilizers
that have been tested so far have enhanced the haat stability of the product. Thus,

the

dry vaccine must be stored and transported at -20°C.and must be used within 4 h

after reconstitution, if held > 20°C. Clearly, studies directed towards the
development of more suitable stabilizer(s) must continue in a joint USAMRIID/Salk
Institute venture.

PRESENTATIONS:

1.

2.

4,

McKee, X. T, Jr., J. G. Barrera Oro, A. I. Kuehne, J, Spisso, and

B. G. Mahlandt. Immunogenicity and protective efficacy of a live attenuated
Argentine hemorrhagic fever (AHF) vaccine in primates. Presented, XI
International Congress for Tropical Medicine and Malaria, Calgary, Canadas, 16-22
Sept 1984,

Iﬂ’tm, H, W., F. K. Cal., Jre, Xo Do Greem, K, T. MCG, Jr.‘. J+ Donovan, A, 1.
Kuehne, G. French, K, Johnson, G. Eddy, aad J. G, Barrers Oro. Safety and
efficacy of a live attenuated vaccine against Argentine hemorrhagic fever.
Presented, §th International Congress of Virology, Sendai, Japan, 20-23 Sept
1984,

Barrera Oro, J, G., K. T, McKee, Jr., A. I. Kuehae, J. Spisso, and
B. G. Mahlandt., Recent progress in testing a live, attenuated Argentine
hemorrhagic fever (AHF) vaccine. Presented, Annual Meeting of the American

Society of Tropical Medicine and Hygiene, Baltimore, Maryland,
2-6 Dec 1984,

Barrera Oro, J. G., K. T. ¥cXee, Jr., A. 1. Kuehne, J. B, Moe,
D. E, Green, P, E, Cole, Jr,, snd H. ¥. Lupton, Preclinical trials of a live,
attenusted Junin virus vaccine in rhesus macaques., Presented, Symposium on

Vaccines and Vaccinations, Paris, France, 4-7 June 1985.
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TABLE 2. Seroconversion to Junin virus in juvenile rhesus macaques inoculatad
wvith Candid #1 Junin virus vaccine or saline (Study Junin 84-1),

Junin virus neutralizing
antibody titer® (day)

Inoculum Rhesus No.
Prevaccination - Postvaccination
Saline 2R8 -b (-6) - (14)
{control)
82044 - (-6) - (28)
2N8 ~ (~6) - (29)
2N24 - (-6) - (56)
82034 - (~6) - (57)
2N38 - (-6) - (58)
Candid #1 2R6 - (=6) 8 (14)
Vaccine 2N15 - (-6) 32 (14)
2.6 x 10 PFU
2R2 - (-6) 128 (28)
2N27 - (-6) 32 (28)
2R9 - (-6) . 64 (29)
82D53 - (-6) 256 (29)
2N40 - (~6) 64 (29)
82038 - (=~6) 4096 (56)
2N25 - (~6) 1024 (57)
2N34 -~ (=6) 4095 (57)
2N33 ~ (-6) 64 (58)
82D61 - (-6) 1024 (53)

8 Expressed as reciprocal of serum dilution causing PRNgq of XJ Clone 3,
- = Negative.
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% TABLE 3. Recounstructed results of "blind" histologic examination of rhesus
Y CNS from Junin 83-1 and Junin 84-1%,
Rhesus with CNS CNS regions with Neurovirulence
el lesions/total lesions scores
Lo after
Lo inoculation
{ o Vaccine Coutrols Vaccine Coatrols Vaccine Controls
SIS 2 veeks® 2/2 11 4 2 2.0 1.0
P .
A
S 4 veeks® 4/5 2/2 14 2 2.8 1.0
E
1 8 veeke® 5/5 2/3 11 2 2.2 0.7
' 32-34 veeks® 4/6 2/5 _1 3 1.2 0.6
L Total:  15/18 /11 36 9 Aversge: 2.0 0.8
% This table was constructed from results of "blind" examinations conducted by
) Patgologist G of CNS tissue from monkeys givenaJunin vaccine diluted 1:10,
- Study Junin 84~-1: Vaccine 1/10 = 2.6 x 10  PFU.

© Study Junin 83-1: Vaccine 1/10 = 4.0 x' 10° PFU.
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TABLE 4. Effect of sorbitol, degraded gelatiu, peptone, lactose, pH, and Na and K
glutamate on freeze-drying and stability of Junin Candid #1 virus.

Trial Number

. Item 8 9 10 11
. Initial virus dilution 1:15 1:10 None 1:6.25
3 Virus:stabilizer ratio 1:1 1:1 1:12.5 1:1
' :
i Lactose (final), 2 5 7 7 7
» A B c D
Glutamic acid (final), 2 1 2 0.9 2 1 2 1
HSA (final), gl 2.5 2,025 2.5 2.1
Osmolarity, (MosM/kg) 392 460 3ol 488 414 513 394
A Fill, al 1.2 1.2 5.5 5.5
Post-dry pH 7.4 6.3 6.0/7.0 6.7 6.9 6.7 7.0 1
Av, Residual moisture, X 1.6 1.6 1.1 2.4 ;
. Loss in drying, % 15-16 5-13 61-62 24-37
Loss reconstituted ?
5 hrs at 4°C, % N.T.? N.T. N.T. 23-63 3
Loss 35°C/48 h, % 70-83 N.T. N.T. 78-92 'E
¥ Control or variable Sorbitol Peptone Two pH Alterration of :
> tried Degraded Lactose levels acids Na/K)
a gelatin Vac/N,

24.T. = Not Tested.
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TABLE 5. Effect of sorbitol, Na glutamate, PO,, arginine, and POA/arginine on
freezo-drying and stability of Junin Candid #1 virus.

Constituents included by test?
Constituents used

for drying

13-1 13-2 13-3 13-4 13-5 13-6
Hydrolyzed gelatin 2% xP X X X < X
Sorbitoi, 7.5% X
Sucrose. 7.5% _ X X X X X
Na/R glutamate, 3% X X X X X
Na glutamate, 3% X |
PO, buffer, 0.025M X X
L Arginine KCl, 1ZX X X
Phencl red, 0.0005% X X X X X X
Ogmolarity-drying 764 628 640 710 705 781
Osaolarity-reconstituted . 374 314 309 349 343 387
Effect measured Sorbitol ¢ Na glutamate PO, Arginine Pohlarg
Less in drying, % T s 29 20 19 31 24
Total lossd, % 13 29 29 14 24 11
Loss 4°C 2 wks, % 38 40 18 52 3 48
Loss 4°C reccast. T 31 21 15 37 25 41
5h,
Loss 35°C 77 92 88 86 84 81
48 h, X

3psrameters common to all six tests ware:
Virus dilution: 1:6,25 (2X) Dried atmosphere: dry nitrogen
Fill volume: 2,75 m1/20 ml vial Overall moisture: 1,93,
YIndicates constituents included in a given freeze-dry run (#1-£6),
SThis stadilizer was used in previous trials and was used for comparison.
From calculated original bulk titer,
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TABLE 6. Effect of arginine with different combinations of trehalose or
sucrose on the freeze-drying and stability of Candid #1 Junia virus.

Constituents included by test
Constituents used

for drying
14-1 14-2 14-3 14-4

Hydrolyzed geiatin, 22 x? X X X

Trehalose, 51 X

Trehalose, 7.52 X

Trehalose, 102 X

Sucrose, 52 X

Sucrose, 7.52 X

Na/XK glutamate, 33 X X X X

PO, buffer, 0.025 M X X X X
- Arginine HCl, 1% X X X X

Phenol Red, 0.0005% X X X X

Osmolsrity reconsituted (2X) 423 391 357 183

Effect measured: arginine w/different combinatioas of trehalose vs sucrose

Loes in drying, 2% ) 0 13 12 8

Total loss®, % 2 32 30 26

Loss 4°C reconstituted 16 13 13 26
5h, %

Loss 35°C 48 h, % 90 90 92 90

SIndicates constituents included in a given frecze-dry test,
Calculated from original bulk titer.
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TABLE 7, Effect of gelatin, sol-u-pro, urea/sllantoin/lactose, and trehalose
glycerol on the freeze-drying and stability of Junin Candid #1 virus.

Constituents used

Constituents included by test

for drying
15-p 16-p 15-A 16-A 15-B 15-C 15-D 15-E
Degraded gelatin. 2.5% x3 <
Sol-U-Pro, 2.52 X X
Sorbitol, 5.02 X X X X
Sodium glutamate, 2,02 X X X X
Urea, 2.02% X X
Allantoin, 0,22 X X
Lac:o;e, 5.0%2 X X
Citric acid, 0.2% X
Trehalose, 5.02 X X
Glycerol, 2.0% X X
Ascorbic acid, 0,22 X
Phenol red, 0.0005 X X X X X F < X X
Osmolarity, recoastituted 271 271 270 270 266 283 242 255
pH, reconstituted 6.0 7.0 6,0 7.0 7.1 7.0 7.3 7.2
Effect measured: gelatin vs. sol-U-Pro wurea-Allan trehalose
lactose glycerol

Loss in drying, % 16 36 Kk} 11 N 21 0 73
Total loss®, % 16 36 38 17 2% 33 10 80
Loss 29°C,

reconstituted 5 h, % 59 44 45 43 62 49 37 81
Loss 35°C 48 h, 2 80 81 68 78 58 54 90 100

# Indicates constituent included in a given frseze-dry trial-test,

Computed from titer of original bulk virus,
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TABLE 8, Effect of gelatin/sorbitol/glutamate, ures/allantoin, and
gelatin/lactose on the freeze-drying and stability of Junian Candid # 1 virus.

Constituents used for drying

Constituents included by test

17-Ao 17-8  17-¢ 17-D 17-E 17-F

Sol-U~Pro, 2.5%

Sorbitol, 5.0%

Monosodium glutamate, 2,02
Urea, 2,02

Urea, 3.0Z

Allantoin, 0.22%

Allantoin, 0.3%

Lactose, 5.0%

Phenol red, 0.005%

x4 X X X X
X
X
X X
X X
X X
X X
X X X X X
X X X X X X

Effect measurad: geiatin-sorbitol-glutamate/urea-allantoin or gelatin-lactose

Loss in drying,%
Total losab, b4

Loss 29°C reconstituted
Sh, X

Loss 35°C 48 h, X

27 19 24 34 13 11
28 47 47 43 45 39
26 56 32 44 40 64

72 61 56 75 74 92

; Indicates constituent included in given freeze-dry trial test.
Computed from titer of original bulk virus.
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BODY OF REPORT

PROJECT NO. 3M263763D807: Exploratory Development of BW Vaccines/Drugs

WORK UNIT NO. B807-AR-017: Exploratory Development for Rapid Identification and

Diagnosis
PRINCIPAL INVESTIGATOR: James W. LeDuc, LTC, Ph,D.
ASSOCIATE INVESTIGATOR: James M, Meegan, CDR, USN, Ph.D.

Background:

The goal of the Rapid Diagnosis Section is to develop rapid, simple tests for
identification of biological agents. It is anticipated that samples containing
unknown agents will be received from both enviroamental and clinical sources., The
main effort has been to detect antigen, although it should be emphasized that
infected servicemen might be the first sign of the presence of & disease-causing
agent. Consequently, for each agent, an attempt has been made to develop not only a
rapid antigen-detection test, but also a rapid immunoglobulin M (IgM)-detection
assay to measure antibodies in a single serum sample collected early in climical
disease but after the period of antigen circulation., Identification of biological
warfare ageats generally encompasses two categories of specimens: environmental and
clinical.

In previous years, rapid assays for the detection of antigen in clinical or
environmental samples were developed for Rift Valley fever, sandfly fever
(Sicilian), Venezuelan equine encephalomyelitis, Crimean-Congo hemorrhagic fever,
Weat Nile, Chikxungunya, and Sindbis viruses, Additionally, simplified assays to
detect IgM antibodies, which develop early after the onset of clinical illness, were
developed for some of these viruses., Optimization of each assay was accomplished,
and production of appropriate reagents in sufficient volume for preliminary field
testing was undertaken.

Development of rapid diagnostic tests for Baantillua anthracis was also
pursued. Significant achievements included establishment of enzyme-~linked
immunosorbent assay (ELISA) methods to determine antibody titers to B. anthracis
capsule, fluorescent antibody staining of capsule, prcduction of monoclonal antibody
for B. anthracis vegetative cells, and characterization of 12 monoclones to 3,
anthracis spores and three to vegectative cells,

_ Summary:

Rapid (3-h), simple antigen and antibody detection assays developed in previous
years have been adapted and perfected., Monoclonal antibodies against sandfly fever
virus (Sicilian) have been produced, characterized, then optimized for use in rapid
assays., Mounocloral -antibodies have been acquired and employed to improve
sensitivity and specificity of assays for Rift Valley faver, Crimean-Coago
hemorrhagic fever, Hantaan (Rorean hemorrhagic fever), and Chikungunya viruses,
Validation of each assay with field-collected, epidemisologically relevant samples
has continued. The inactivation of certain biohazardous viruses used as antigeas in
these assays has been studied. Under specific controlled conditions, both cobalt
and g-propiolactone were found to inactivate Hantaan virus while retaining virus
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antigenicity. Additionally, these typee of assays were studied to determine the
amount of antigen present in various lots of vaccine. Preliminary results indicate
these assays might be useful in replacing animal inoculation tests to predict the
potency of vaccines under development.

Progress:

Considering the diverse number of infectious agents waich might be a threat to
troops in a tropical area or as agents for a biological warfare attack, a decision
was made in previous years to coacentrate our efforts on a standard test - the
enzyme-linked immunosorbent assay (ELISA). Additionally, our efforts initially
concentvated on viral threats, especially those militarily relevant viruses where
private sector and commercial research aund development programs are nonexistent.

We decided to establish an ELISA for antigen and antibody detection because of
the test's simplicity, speed, reliability, and sensitivity. Although recently
developed, the ELISA is gaining widespread acceptance, To date, it is the most
sensitive, nou-isotope, antigen—detection system developed. Since the Army's rapid
diagnosis extramural program has contracted with a number of companies to develop
innovative new technology potentially more sensitive than the existing ELISA
systems, the Rapid Diagnosis Section at USAMRIID has concentrated most of its
efforts on perfecting and applying established technology.

For the antigen~detection ELISA, a standard method is employed for all
viruses, A capture antibody is first bound to a solid phase, usually the bottom of
a polystyrene microtiter plate. The sample is added to the plate, and, if antigen
is present in sample, it is trapped to the plate by the capture antibody. After a
washing step, the presance of captured antigen is determined by the addition of an
enzyme-labelad detector antibody. Colorless substrate develops color if enzyme-
labeled detector antibody is bound to the entrapped antigen.

The format for the IgM assay is to bind anti-human-IgM antibody to the plate,
When human sera are added, a portion of the total IgM antibody is trapped to the’
plate. The presence of trapped, specific IgM directed against the virus is then
. determined by the addition of antigen, then an enzyme-labeled, anti-viral detector
antibody, then substrate.

The only disadvantage of antigean-detection ELISA systems for viruses has been
their lower sensitivity compared ts traditional (and slower) cultivation methods.
Consequently, as in previous years, much of our effort was directad at iucreasing
ELISA sensitivitw., Previous results indicated that sensitivity could be increased
if monoclonal antibodies (MAR) were employed in our assays. Monoclonal antibodies
are bicengineersd antibodies which are pure, poteat, constantly available, and can
be selected for dafined avidity and specificity (either very specific or broadly
cross—reactive), With both Rift Valley fever and Venezuelan encephalomyelitis
viruses, numerous early experiments indicated that MAB or mixtures of MAB functioned
as wvell as or better than a number of polyclonal antisera. Mixtures of MAB to
different sites on the antigen provided excellent ELISA capture and detector
antibodies which increased the sensitivity of the antigen-detection ELISA when
tested with various strains of virus prepared in cell culture, animals, or
mosquitoes. However, not all MAB were suitable., A large bank of MAB will be needed
for each agent and each individual antibody has to be evaluated in the ELISA.
However, once daveloped, MAB will be usaful ian both antigen-detection and antibody-
detection ELISA systems.
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During 1985, ouch effort was concentrated on developing or obtaining from
private or governmental sources MAB potentially useful ia increasing sensitivity of
our ELISA systems. Each antibody was evaluatad for its usefulness, then grown in
sufficient quantities for iancorporation in rapid disgnosis kits. Some of these
antibodies were developed in-house while others were produced under contract. The
biological reagent support of contracts, which is frequently substantial, is also a
responsibility of the intramural rapid diagnosis group. Table 1 summarizes 1985
progress made in this area. Notable progress includes initiation of testing of
procured Hantaan virus (Korean hemorrhagic fever) MAB, and development and testing
of over 100 MAB for sandfly fever (Sicilian strain) virus. There had been major
problems developing sophisticated ELISA systems for this latter fastidious virus,
The sandfly viruses (both Sicilian and Naples strains) are smong the more <difficult
viruses to grow, purify, and prepare antigen and antibody reagenta.

Both antigen-detection and IgM antibody-detection ELISA systems for sandfly
fever (Sicilian) and Hantuan Viruses were optimized with epidemiologically relevant
samples obtained from infected patients. After establishment of these assays, they
were scandardized and made available for field testing. Pield teating of these
assays is funded through project number 3M463750D809, work uait number 809-EA-001.
Briefly, these field tests showed the 2ssay for sandfly fever was rapid and accurate
in detecting antigen and antibody during a human-use antiviral drug trial. The
Hantaan assays have been transferred to People's Republic of China for use during a
collaborative human-use antiviral drug protocol with Hantasan-infected patients,
Preliminary results have been encouraging.

Further progress in 1985 has been made with intramural collaborative efforts to
develop 2nd characterize MA3 to Crimean-Congo hemorrhagic fever virus.
Characterizatiocn has begun on five MAB to Crimean-Congo hemorrhagic fever prepared
under contract, and a much larger bank of MAB is being prepared through joiat
studies with other investigators at USAMRIID. MAB to Chagres and West Nile viruses
are being developed through contracts; antigens, assays, reagents, etc., are being
supplied under this work unit,

Production of large quantities of reagents for kits to be zested in =ne field
has progressed well during 1985 (Table 1). For many antibody assays, safe,
inactivated antigens must be supplied. OQur previously established, standard
B~propiolactone inastivation procedures did not succes3fally inactivate Hantaan
virus. Progress was made on this problem, and higher conceantrations of
B-propiolactone in combination with cobalt irradiation successfully inactivated
Hantaan Virus without destroying its antigenic properties,

In addition to their use for diagnosis, antigen-detection ELISA systems might
be useful to detect the presence of important immunizing antigens in preparations of
inactiveted vaccines, To explore this, various lots of Venezuslan equine
encephalomyelitis vaccines were tested for presence of antigen in an ELISA. This
test utilized a MAB against a major neutralizing site oan the virioa to bind the
virus to the ELISA plate, In general, vaccines which were potent, as judged by
mouse protection tests, had the highest titer of antigen in the antigen-detection
ELISA. Lots of vaccine that were poorer in immunizing mice had lower antigen titers
in the ELISA., The differences, although reproducible, were cot large (lowest ELISA
titer 1/16 to 1/32; highast titer 1/256), Obviously, further work is required,
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6.

Meegan, J. M., and J. W. LeDuc. Successful use of rapid viral diagnostic assays
in lesser developed countries. Presented, Natioamal Academy of Sciences

Institute of Medicine joint meeting with the Board on Science and Technology for
International Development of the National Research Council., May, 1985, '

MacDonald, C., K. McKee, J. Buggins, J. Morrill, J. Meegan, C. J. Peters, and P,
Canonico. Ribavirin prophylaxis of sandfly fever - Sicilian infection in human
volunteers. Presented, Interscience Conference on Antimicrobial Agents and
Chemotherapy., September, 1985,

Tammariello, R., M. Faran, J. Meegan, and C. BRailey. Application of ELISA for
detection of Rift Valley fever virus in mosquitoes. Presented, Annual Meeting
of the American Society of Tropical Medicine and Hygiene. December, 1984,

Nugum, B. Development of a rapid viral antigen detection ELISA for resgpiratory
viruses. Presented, Staff Conference, Brookas AFB., August, 1985,

Meegan, J., L. Laughlin, and N. Birgis. Enzyme immunocassay detection of IgM and
I1gG antibodies to Rift Valley fever in cerebrospinal fluid. Preseanted, 6th
International Congress of Virology. September, 1984,

Meegan, J. M. Evaluation of diagnostic kits produced ty phase I contracts uader
identification and diagnostic svstem biological agent, rapid, field (IDSBARF)
program, Presented, IDSBARF Source Selection Board, July, 1985.

PUBLICATIONS: None
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TABLE 1. Progress in devecloping monoclonal antibodies and their use to increase
sensitivity and reproducibility of rapid antigen or antibody detection assays.

Monoclonal Developed/ Optimized Tested with Produced in
to® procured Characterized for ELISA field samples large quantities
RVF Yes (DoD) Yes Yes Yes Yes
(1982-84) (1982-85) (1984) (1984-85) (1984-85)
VEE Yes (CDC) Yes Yes Yes Yes
(1984) (1984) (1984) (1984) (1984~85)
cCHpP In progress In progress In progress ——— ~——
SFS Yes In progress i{a progress Yes In progress
(1985) (1985)
HTN Yes (CDC) Yes Yes In progress Yes
(1984) (1984) (1985) (1984)
CHIX In progress In progress In progress In progress ————
(Virol Div)  (Virol Div)
CHG In progress - ---- - ——— ————
WN In progress  --~- - —— ———

8RVF= Rift Valley fever virus
VEE® Venezuelan ecuine encephalomyelitis virus
CCHF= Congo-Crimean hemorrhagic fever virus

SFS= Sandfly fever virus (Sicilian)
HIN= Hantaan virus

CHIK= Chikungunya virus

CHG= Chagres virus
WN= West Nile virus




109

RESEARCH AND TECHNOLOGY WORK UNIT SUMMARY

1. AGENCY ACCESIION

DA, 302670

3. 0ATE OF SUMMANY

85 10 01

REPORT CONTROL SYMBUL
DD-DRORIAR) 038

3 DATE PAEY 4 KINDOF |5 SUMMARY |6, wOAK [7. REGRADING 8. OISB'N INSTA'N 9 LEVEL OF SUM
SUM'AY SUMMARY (1244 SECURITY A. WORK UNIT
ﬁ lO i 1 U (9.4

18 17 /CO0L8: PRAOGAAM ELEVENT PROJECT NUMBER TASK AFKEA NUMBEN WORK UNIT NUMBER

a PRIMARY 8376JA 3M2637630307 | AL [J¥:)

1> CONTRIBUTING
. CONTRIBUTING | S10G 82/83-6.2/3

11, TITLE (Preceds with Secunly Cismtfication Coda)

Exploratory Development of Vaccines Against Botulisam

12. SUBJECT AREAS 0605 Clinical Medicine; 1503 Defense; 0620 Toxicology

1. START DATE 14, EITIMATED COMPLETION DATE

15, PUNDING OMGANIZATION

18. PEAFOAMANCE METHOD

of Infectious Diseases

83 16 01 CONT DA | 1 C. ‘n-House
7. CONTRACT/GRANT 18, AESOURCES FSTIMATE
s DATE EFFECTIVE Texrimarion FISCAL YEARS |a PAOFESSIONAL WORKYEARS | b FUNDS il thousends; |
NTRACT/GRANT NUMSER
= 85 1.1 153
e TV d, AMOUNT 86
o KIND OF AWARD t, CUM/TOTAL
18, AESFONSIBLE DOD ORGANIZATION | | 20. PEAFORMING ORGANIZATION [
s Namg USA Medical Research Institute s NAME

Pathology Division, USAMRIID

6. ACOMESS (include 21p code)

Fort Detrick, MD 21701-5011

b. AGORES3

Fort Detrick, MD 21701-5011

le. NAME OF RESPONSIBLE INDIVIDUAL
Huxsoll, D L

Johnson, A J

c. NAME OF YRINCIPAL INVESTIGATONR

ld. TELEPHONE NUMBEA (include srve code)

301-663-2833

301-663-7211

9. TELEPHONE NUMBER (inciude sree code)

21, GENERAL USE
FIC

MILITARY/CIVILIAN APPLICATION: M

f. NAME OF ASRQCIATE INVESTIGATOR (If aveilsdie)

Siegel, L S

M1
& NAME OF ASSOCIATE INVESTIGA QM (if svatisbie)

23.
negrotoxins.

24,

botulinum toxin poironing.

25.
mice and guinea pigs.

(xopR),

'3

22. KEYWORDS (Precede EACH w.th Secunty Clasufication Code) (U) Military Medicine; (U) BW uefense; (U) Micro-

23. TECHNICAL OBJECTIVE 24. APPROACH 25. PROGRESS /Precede taxt of each with Security Classificetion Code)

(U) Evaluation and testing of toxiods and antitoxins for protection against botulinal
These neurotoxins are considered to have significant biological warfare
potential and our at-risk forces should be immunized against them.

(U) Obtain botulinum toxin serotypes A-G in partially or highly purified state.
Eveluate toxiods prepared from such materials for protection of personnel agsinst
Simultanecusly evaluate antitoxias produced against betulinal
toxiods as suitable prophylactic or therapeutic agents for botulinal toxin poisoning.

(U) 8410-8509~Botulinum type A toxoid preparations, collected during varying stages
of toxin purificatiou and toxoided by formalin treatment, were nontoxic when tested in

Their immunogenic streugths vere compared to & known immunogenic
monovalent botulism type A toxoid prepared by the Michigan Department of Public Health

As the amount of specific toxin protein was increased in the toxoid, resulting
titars in immunized guines pigs showed a significant increase.
issued for the productioe of a hexavalent (ABCDEF) botulinal toxoid.
developed and issued for a research effort to develop & technological base to evaluate the
feasibility of adding type G toxoid to a multivalent botulinal toxoid.

An RFP was prepared and
A second RYP wzs

DD JOorM 1438

23 MAR

EDITION OF MAR 88 13 OBSOLETE.

Bu.s.

é.P,0.

1984ad21°840/07000




1

BODY OF REPCRT

e A AN R e e SR

PROJECT NO. 3M2637630807: Exploratory Development of BW Veccines/Drugs

WORK UNIT NO., 807-A1-018: Exploratory Development of Vaccines Agaiast %
Botulism %
PRINCIPAL INVESTICATOR:  Anthony J. Johnson, LTC(P) %

ASSOCIATE INVESTIGATORS: M. H, Crumrine, Ph.D, HAJ
L. S. Siegel, Ph.D,
A. D. Johnson-Winegar, Ph.D,

Blck;round:

There ars seven immunologically distinct neurotaxins (types A-G) produced by
the heterogeneous group of bacteria given the genus species designation Clostridium
botulinum., Types A, B, I, and F have been identified in cases of human disease.
Types C, D, and G have the potential of producing toxic effects in man, but there
have been few well-documented cases reported. Toxoids (chemically {nactivated but
immunogenic toxins) for each serctype are used to induce immunity to these toxzins.
The botulinal toxoid used for immunization of humans wae produced by the Michigaa
Department of Public Health (MDPH) under contract to the Army in the late 1960's by
tresting types A, B, C, D, and E toxin with formaldehyds. This toxoid producas
sustained, measurable antibody levels, but only after a seriee of four injections
over a period of one year, Mild side effects, including tenderness, redaess,
swelling, and induration et the site of injection, are frequeat. An improved toxoid
prepared from more highly purified neurotoxins is required. It should include, in
addition to the current pentavaleat toxoid, types F and G,

Summary:

Botulinum type A toxoid preparations, collected during varying stages of toxin
purification and toxoidad by formalin treatment, were nontoxic in mice and guinea
pige. Their immunogenic strengths were compared to & kaown immunogesic monovalent
borulism type A toxoid preparad by the MDPH. As the samount of specific toxin
pri tain was iacreased in the toxoid, resulting titers in immunized guinea pigs
showed a significant increase. Aa Request Por Proposal (RPP) vas prepared and
issued for the production of a hexavalent (A3BCDEP) botulinal toxoid. A second RFP
was daveloped and isrued for a reszarch effort to develop a technological base to
evaluate the feasibiiity of adding type G toxoid tu a multivaleant botulinal toxoid.

Progress:

The effect of purification of the toxin on the efficacy of the correcponding o
toxoid has been exsmined by Drs., Siegel and Johnson-Winegar. Toxoids were prepared fg
from type A toxin at three steps of the purification procedure: the crude culture o
extracts, the toxin peak from an ion exchange column (citrate peak, 40-50% neuro- ZE$
toxin), c¢nd the neurotoxin peak from an.cher column chromatography step (phosphate ¥
peak, 85~90% pure). All preparations were incubated at 35°C ia the presence of 0.6
formalin for 25 daye. After beiag tested for residual toxicity and found to be
nontoxic, preparations were adsorbed to sluminum hydroxide and used to immunize
guinea pigs. For comparative purposes, s monovalent, type A toxoid prepared by the
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Michigan Department of Public Healch (MDPH) under coatract to the U.S. Army was also
used to immunize guinea pigs. g preparations protected the animals from an i.p.
challerge, 28 days later, with 10 LDgy of type A botulinum toxin. To measure the
antibody response to the toxoids, a serum sample was obtained from each guinea pig
two days prior to challenge. The serum from each of 15 animals in any group was
assayed individually for antibody (by using a toxin neutralization test in mice with

World Health Orgainization monovalent A antitoxin as s standazd). Results are shown .
in Table 1.
These studies demonstrated the variation in antibody response among animals .

receiving the same toxoid. This wide range of values would have been masked if the
sera for animals in each group had been pooled for assay rather than assayed
individually. The antibody response to the MDPH toxoid and to the first two
products were not statistically differeant. The second toxoid (citrate, 40 to 502
pure) contained about twice as much neurotoxoid as did the crude material, but the
saatibody response was not statistically greater. Thus, purification to thia point
is of questionable value. However, we demonstrated that toxoid prepared from the
more highly purified toxin did indeed elicit & higher antibody response, when
compared on a protein basis with the other products. These results were confirmed
in follow-uvp studies. This is an obvious product improvement. Also, this approach
in acquiring an improved immuynogen (toxoid) allows t': product to rema’: within the
scceptable FDA~guidelines. An anticipated bonus wouid be that injection of leacs
foreign protein may s.iso elicit fewer side reactions.

The accepted standard for assay of the antibody reaponse to botulinum toxoidas
is the neutralization test, It is a biocassay, requiring 20 aice to assay one serum
sample. It is also time-consuming, since a four-day observation pericd for mouss
survival is required. Therafore, the serum samples w>re also assayed by an ELISA
system, We are develcping a data bsse to corralate ! ,ISA values with neutrslization
titers, so that the ELISA may replace the neutralizacion test,

An RFP, Solicitation #DAMD 17-85-R-0079, was issued for the development and
production of 40,000 doses of a blended product that would contain type A, 3, C, D,
E, and F toxoids. A second RFP, Solicitatioa #DAMD-[7-85-R-0080, was issued for
developmental studies to evaluate the feasibility of producing type G botulinal
tozoid, and including this toxoid in a fina! heptavaleat (ABCDEFG) product. An
option to produce eight million doses of either a hexavalent or a heptavaleat toxoid
was included in the initial solicitation. Both RFFs have been published and a
Source Selection Board ia evaluating proposazls from prospective vendors., Selection
of a vendor and subsequent coatract award should be made in FY 86,

PRESENTATIONS:

1. Siegel, L. 8. Toxins of Clostridium botulinwm, Presented at the Bacterial
Vaccine Symposium, spounsored by and convened at the National Institutes of
Health, 1984,

2. Siegel, L. 8, Effect of purification of type A botulinum toxin on the efficacy
of the corresponding toxoid. Presented at the Interagency Botulism Research
Coordinsting Committee Meeting, 1984.

3, Siegel, L, S. Development of type A botulinum toxoida, Presented at the
USAMRIID Professional Staff Conference, 1985,
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4. Siegel, L. 8., and A. Johasoa-Winegur. Effect of purification of type A
botulinum toxin on the efficacy of the corresponding toxoid. Presented at the
Annual Meeting of the American Society for Microbiology, Las Vegas, NV, 1985,

5. Johnsom-Winegar, A., and L. S. Siegel. Analysis of the humoral immune response
in guinea pigs vaccinated with toxoids of type A Clostridiwm botulinum.
Presented at the Annual Meeting of the American Society for Microbiology, Las
Vegas, NV, 1985,

6. Crumrine, M. H. Experimental therapy for botulism with equine F(ab)
antitoxin. Presented at the Interagency Botulisa Research Coordinating
Comnittee Meeting, 1984,

PUBLICATIONS:
l. Siegel, L. 8., A. D. Johason-Winegar, J. J. Schmide, L. A. Smith, M. H.

Crumrine, and J. L. Middlebrook. 1984, Toxins of Clostridium botulinum.
Proceedings of the Bacterial Vaccine Symposium (In Press).



114
TABLE |
Neutralization aantibody response to Type A botulinal toxiods
TOXO01DS
MDPH Extracts Citrate Phosphate
vautralization Mean 2.13* 1,90 2,58 15.2
Titers: ' .
(zu/=l) Low  0.36 0.02 0.28 1.0

87iters are expressed in Internationsal Unita per ml,
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23, (U) To select, acquire, and test {emune plesma and globulin fractions for protective
efficacy and eafety in prophylaxis and therapy of hemorrhagic fever virus iafections which

pose special problems for U,3. Forces sent to those areas where these diseases aras
endemic, .

26, (U) Specific immune plasma is obtained by plasmapheresis from convalescent patieats
after naturally occurring infections with Lassa virus, Argentine hesorrhagic fevar virue
(Junin), and Ebola virue. Plasma units are tested by curreat blood bank procedures and
for presance of protectiva (neutralizing) antibodies. Cciteria ara established for
optimal therapeutic administration of the final products. Alternats strategias for
acquiring high titered antibody are developed and tes'.\d.

25, (U) 8410 ~ 8509 - The pool of Lassa fever (LV) convalescent patients in Liberia has
been expanded to include 77 with modest to high titers of neutrslizing antidody (LNI). Of
344 plasma units recaived, 215 (77%) have detectable LNI, and 151 (3%.1%) contain
sufficieat LNI titers to confer protection without further processing. Prom Sierrs Leone,
191 have bees received: 34 can be used directly, 109 raquirs processing, z.% 49 contain
ineufficient LNI. All units were tested f{or HTLV~LIL antibody by Addott ELISA; 2 donora
wera thus excluded, Confirmatory Westarn blots are in progress; ) more donors wers HBsA9
positive. Processing of human plasma by chromatographic methods resulted in similar
yields of effective LNI. Pending retults of HTLV recovary, 1 process will be selected for
preparation of & pilot lot of 1gG for extandad efficacy testing,
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BODY OF REPORT

PROJECT NO. 3M263763D807: Exploratory Develupment of BW Vaccines/Drugs
WORKR UNIT NO. 807-AG-019: Immunotherapy of Hemorthagic Fever Viruses

PRINCIPAL INVESTIGATOR: P. B, Jahrling, Ph.D,

Background:

Lassa fever is a 'viral disease of considerable public health importance in
regions of West Africa, particularly Liberia, Sierra Leon., and Nigeris, where
several thousand cases are believed to occur annually (1), While serological data
suggest that subclinical cases may occur, the case-fatality ratios among
hospitalized cases are still high, variously estimated at 14 to 22X in Sierra Leone
and 13 to 14% in Liberia., To increase survival rates, passive iomunization of
scutely ill patients is employed frequently (2), Oune of many problems in evaluating
plasma efficacy is the variable quality of the plasma infused. This study was
designed to identify Lassa fever convalesceat patients to be recruited as plasma
donors. Through this process, a pool of optimal donors was identified, and
guidelines for identifying new donors were established. The availability of high-
titer plasma has now facilitated the formal testing of passive immunization fcr
treatment of Lassa fever, :

Summary:

The pool of Lassa fever (LV) convalescent patieats in Liberia has beean expanded
to include 77 modest to high titers of neutralizing antibody (LNI). Of 344 plasma
units received, 215 (77%) hava detectable LNI, and 151 (54.1%) contain sufficient
LNT tite:a to confer protection without further processing. Fr~a Sierra Leone, 191
have been received: 34 can be used directly, 109 require processing, and 49 coatain
insufficient LNI, All units were tested for HTLV-III antibody by Abbott ELISA; two
donoras were thus excluded., Confirmatory western blots are in progress; three wmore
donors were HBsA9 positive (1), Processing of human plasma by chromatographic
methods resulted in similar yields of effective LNI, Pending results of HTILV
tecovery, one process will be selected for preparation of a pilot lot of Igé for
extended efficacy teating.

2rogress:

Acquisition and testing of human Lassa-convalescent plasma Plasma-collection
efforts have continued in collaboration with Dr. John Frama and colleagues, under
contract, in Liberia. The quality of plasma, with respect to indirect fluorescent
antibody (IFA) and neutralizing antibody titers determined at USAMRIID, continues to
improve, as prospective donors with LNT titers known to bde high are identified and
recruited to donate multiple units of plasma. Of 135 plasma units received during
the reporting period, 80 have been tested for IFA and LNI (Table 1), Seventy-seven
of 80 (96%) had IFA to Lassa, and 72 of 80 (90%) had at least some neutralizing
antibody (LNI > 0.3). Fifty of 80 (63%) had LNI > 1.5, vhich is considered
sufficient to confer protection without further processing. From Sierra Leone, no
further plasma units were received from Dr. Joe McCormick. The total iaventory of
Lassa-iomune plasma is listed in Table 2.
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In our continuing effort to identify new prospective plasma donors, sera from
543 patients hospitalized in Zor-Zor, Liberia, with febrile illnesses compatibie
with Lassa fever were tested for viral infectiviecy. Sixty-six viral isolates were
obtained and identified as Lassa fever by neutr.lization testing, Twenty-nine
additional patients were identified as Lassa-convalesceant by seroconversion.
Additional testing by ELISA and isolation attempts from an additional backlog of
over 1500 sera recently were resumed after an unschedulsad renovation of the
Institute's Lassa suite and a l-yeer sabbatical leave of the priacipal investigzator.

Testing of immune plasma units for adventitious agents Samples of 344 plasma units
were submitted to Dr, Redfield at WRAIR for hepatitis B surface-antigen testing and
antibodies to HTLV-III virus (AIDS) by Abbott ELISA., Plasma from 8 of 77 donors was
excluded on the basis of hepatitis reactivity, and two for low HILV-III titers.
Coufirmatory western blots are promised. In the future, these sad additional plasma
samples will be submitted to an independent, certified laboratory for this and
‘related testing prior to their inclusion in plasma pools scheduled for fractionation
(see below).

Combination of immune globulin with ribavirin The protective efficacies of varicus
preparations of human immune globulins were enhanced by combination with suboptimal
(and noatoxic) concentrations of ribavirin (Table 3). Immunoglobulins preparad by
the QAE and CM chromatographic methods were known to be fully protective when
administered in doses of 3 ml/kg or more; lower doses were suboptimal, Ribavirin
alone (20 mg/kg) was also suboptimal. However, combination of ridavirin plus either
QAE or CM globulins at 1.5 ml/kg significantly enhanced protectioa. In contrast,
the combination of F(ab')2 with ribavirin did not enhance efficacy over ribavirin
alone., These results were reflected in the viremia patterns in the treated guinea
pigs. Thus it is reasonable to predict that protective efficacies of immune
globulins for human Lassa fever patients might be improved by coabination with
ribavirin, similar to the observation of enhanced protection with whole plasma plus
ribavirin when treatment was delayed in cynomolgus monkeys (4),

Protection of monkeys and guinea pigs with immune plasma and globulin fractions
[aALF#2) Tae preparation and preliminary testing of immuna globulias by two
different procedures (QAE and CM-chromatography), in collabcraticn with Dr. Richard
Condie, was reported in PY84, In a continuation study, the protective efficacies of
these products were determined in cynomolgus monkeys and guines pigs infected with
Liberian Lassa virus strains. Both QAE and CM globulin protected monkeys and
totally inhibited virsmia when administered in high dose, (6 ml/kg i.v., days O, 3,
and 6) (Table 4). Uafractionated globulin was marginally more protective, but both
QAE and CM material was significantly more protective than unfractionated plasma.

Comparison of Cohn~ethanol fractionated globulin with QAE and €M globulins A thircd
human plasma pool (ALF#3) vas fractionated and five different products were compared
fovr LNI and protective efficacy in guinea pigs infected with our reference Sierra
Leone Lassa virus (strain Josiah) and a Liberian strain (2-132), Cohn-ethanol
fraction II was prepared since this material is believed to be relatively safe with
respect to tranemission of adventitious agents including hepatitis and AIDS
viruges., Some of this material was treated with pepsin to disaggregate globulin
clumps, thus permitting intravenous administration (5). Uafractionated plasma waa
merginally effective at 3 ml/kg and pcor against Josiah at 1,5 ml/kg (Table 5).
F(ab')2 fragments had significantly reduced LNI titers relative to the plasma pool,
and this product was totally davoid of protective activity., As with the ALF#2
preparations, CM-fractionated globulin had marginally higher titers and was more
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protective than QAE-globulin againat both challenge virus strains. Both the Cohn-
ethanol fraction and the pepsin-disaggregated material were highly protective at 3
ml/kg; testing of lower doses is in progress. These results from guinea pigs will
be confirmed by testing in cynomolgus monkeys.

The choice of a fractionation procedure for preparing immune globulin for
intravenous administration to human Lassa fever patients will be based on a
combination of the protective efficacy results, comparative immune globulin yields,
and an assessment of the comparative risks of contamination of the final products
with adventitious agents including hepatitis B and HTLV-III viruses,

PRESENTATIONS:

1. Jahrling, P. B., C. J. Peters, G. A, Bddy, and J. I, Maiztegui. Development of
effective viral-specific treatment strategies for arenaviral hemorrhagic
fevers. Presented, XI International Congreses for Tropical Medicine and Hygiene,
Calgary, Canada. Sept 84. :

PUBLICATICXS:

1. Jahrling, P. B., J. D, Frame, J, B, Rhoderick, and M, H, Monson., 1985. Endexic
Lassa fever in Liberia, IV, Selection of optimally effective plasma for
treatment by passive immunization. I'rans. R. Soc. Trop. Med. Hyg. 79:380-384,

2. Jabrling, P, B., and C, J. Peters. 1985, Arenaviruses, pp, 171-189, In E. H,
Lennatte (ed.), Laboratory diagnosis of viral infections, Chapter 1l. Marcel
Dekker, Inc., NY.

3. Jshrling, P. B., B. S. Niklassoa, and J. B. McCormick. 1985, Early diagnosis
of human Lassa fever by ELISA detection of antigea and antibody. Lancet 1:250~
252,
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